


HERMETIC SUB-MINIATURE 
AUDIO UNITS 


COMPACT HERMETIC 
AUDIO FILTERS 


UTC standardized filters are 
band poe Rag application in 


dr ase sie LLG 


The smallest hermetic audios made 
(except our DO-T’s, for transistor use) 
Dimensions... % x 11/16 x 29/32... Weight, 8 oz. 

TYPICAL ITEMS 


Type MIL Pri.imp. Sec.imp. OC in Response Max. level 
No. Application Type Ohms Ohms PriMA +2 db (Cyc.) dbm 


Oe ee 
H-31 Single plate to single TFIAISYY 10,000 90,000 0 300-10,000 +13 
rid, 3: 





H-32 Single plate to line TF1A13YY 10,000**** 200 3 300-10,000 +13 


Single plate to low 


TF1A13YY 30,000 


50 1 


H-35 Reactor 


impedance 

TF1A20YY 
H-36 Transistor interstage TFIAI5YY 25.000 
H-37A Transistor Output TFIA15YY 500 CT 


gn 


300-10,000 


5 300-10.000 
3.5 300-10,000 


+15 


100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms. 
1.000 


+10 
+15 


(DCR50) (DCR5) 


H-40A Transistor Output TF4RX17YY 500 CT 600 CT 10 
(DCR26) 


300-10,000 +15 
*Can be used for higher source impedance, with some reduction in frequency range. 


OUNCER (WIDE RANGE) 
AUDIO UNITS 


Standard of the industry for 18 years, these units pro- 
vide 30-20,000 cycle response in a case % dia. x 
1-3/16 high. Weight 1 oz. 


TYPICAL ITEMS 

Pri. im Sec. 
50, 200/250, 50,000 
500/600 


50, 200/250, 50,000 
500/ 
7.5/30 


o-1 Mike, kup or line 
~~ ge 


up or line 





aehen pee ee 
* eee ee SE 
0-10 Push-pull pilates to line 30,000 ohms Sis : 
plate to plate 
0-12 Mixing and Matching 50, 200/250 50, 200/250, 500/600 
0-15 age Sa plate to 15,000 1 megohm 
0-20 Tater to line 


1,500 CT 500/125 (spiit) 


HERMETIC MINIATt 
HIGH-Q TOROIC 


SUB-SUBOUNCER 
AUDIO UNITS 


UTC Subouncer and sub-subouncer units provide excep- 

tional efficiency and frequency range in miniature size. 

Constructional details assure maximum reliability. SSO 

units are 7/16 x % x 43/64... Weight ¥% oz. 
TYPICAL ITEMS 


MOQE units provide high Q, excelle 
bility and minimum hum pickup in a 
only. ¥2 x 1-1/16 x 17/32... 
1.5 oz. MIL type TF4RX20YY. 


PREGA NEY -CHALS PLA SECOND 
MA D.C. 
Type Application Level Pri. imp. in Pri. 


Sec. imp. Pri. Res. Sec. Res. 
*$S0-1 Input 


+ 4V.U. 200 0 250,000 13.5 3700 
50 62,500 TYPICAL ITEMS 
$$O-2 interstage /3:1 + 4V.U. 10,600 0-.25 90,000 750 Type 
*SS0-3. Plate to Line +20 V.U. 10,000 3 200 2600 
25,000 1.5 500 

$$0-4 Output +20 V.U. 30,000 1.0 50 2875 
$$0-5 Reactor 50 HY at 1 mil. D.C. 4400 ohms D.C. Res. 

$S0-6 Output +20 V.U. 100,000 5 60 4700 
*$S0-7_—‘ Transistor +10 V.U. 20,000 - 800 850 

interstage 30,000 5 1,200 

*impedance ratio is fixed 1:1250 for SSO-1, 50:1 for SSO-3. 

Any impedance between the values shown may be employed. 

sais , 
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Pill Telemeters From Digestive Tract. Small telemetering device passes 
through gastrointestinal tract transmitting information useful in diag- 


By S. MacKay and B. Jacobson 


Wireless Microphone Uses F-M Modulation. Transistorized microphone 
meets FCC radiation requirements, operates at 500 kc 
By G. Franklin Montgomery 


Modern Sonar Systems Guide Atom Subs. Details of new transducers and 
scanning circuits which make nuclear-powered submarines highly effec- 


By James A. Rummell 
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Generating Characters for Cathode-Ray Readout. ‘Transistorized circuit 
generates deflection voltages to make beam trace character on crt...p 72 
By K. E. Perry and E. J. Aho 


SHF Frequency Sweeper Uses Backward-Wave Tube. Sweep generator using 
bwo tube permits rapid evaluation of waveguide fixtures 
By D. E. Wheeler and P. D. Lacy 
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OPERATING FREQUENCY 


Maximum (ke) 
Recommended (kc) 


VOLTAGE SIGNAL LEVEL 


SHIFT PULSE 
Nominal Operating Current (ma) 


Voltage Drop per Stage (v) 
Duration (usec at Y2 amplitude) 
Rise Time (usec) 

Fall Time (usec) 

Peak Pulse Power (watts) 


INPUT PULSE 
Amplitude (ma) 


Duration (usec) 


PARALLEL OUTPUT PULSE 
Amplitude (ma) 


Ratio (min.) 

Load (ohms, min.) 
DIODE TYPE (or equivalent) 
ENGINEERING DATA SHEET 


core-diode type magnetic 


3.4 é 9.5 
7.0 ; 5.8 
1.8 j 1.8 
0.9 ‘ 0.9 
IS ‘ 1.6 


15 5 15 
10 10 3 


4 32 5 18 
10:1 10:1 10:1 | 10:1 
2000 25,000} 1800 | 8000 
T-7 T-7 T-7 T-7 
9111 9115 | 9121 19123 


... 100% pulse performance tested 


Wherever you use Sprague Magnetic 
Shift Register Assemblies ...in the 


air or on the ground... in counters 
for industrial controls or basic logic 
circuits for computers . . . chances are 


you'll be looking for uniformity and 
reliability. That’s why Sprague uses 
truly reliable components throughout 
their construction. Why every core 
used is subjected to rigid switching 
tests before installation. And why every 
assembly is 100% pulse performance 
tested before shipment. 

Packages matched to the application 


SPRAGUE COMPONENTS: 


MAGNETIC COMPONENTS ¢ TRANSISTORS °* 


assure long register life at minimum 
cost. Register assemblies for ground 
use are available in hermetically sealed 
corrosion-resistant metal cases with 
glass-to-metal solder-seal terminals for 
severe environmental conditions, or 
embedded in plastic for moderate en- 
vironments. Special minimum volume 
airborne packages are ideal for limited 
space applications. 

All standard packages are character- 
ized by terminal spacing that simplifies 
external mounting of semi-conductor 
diodes, or they can be permanently 


6.0 9.5 
2.5 2 1.2 1.2 
0.8 k 0.3 0.3 
0.8 . 0.3 0.3 
2.7 : 1.4 2.1 


15 10 10 
3 2 2 


30 4.5 16 30 














10:1 8:1 8:1 8:1 
15,000 | 10,000 | 10,000 | 18,000 


T-5 T-7 T-5 T-5 


9125 | 9131 | 9133 | 9135 


shift register assemblies 


packaged as integral assembly com- 
ponents in Sprague special designs. 

Single and multiple stage register 
assemblies are available with read and 
write provisions to meet most system 
requirements. Standard designs can 
easily be modified with additional 
windings to perform various logical 
Operations. 

For Data Sheets on core-diode type 
magnetic shift register assemblies, 
write the Technical Literature Section, 
Sprague Electric Company, 35 Mar- 
shall St., North Adams, Massachusetts. 


SPRAGUE 


the mark-of reliability 





RESISTORS «+ CAPACITORS + INTERFERENCE 


FILTERS « PULSE NETWORKS + HIGH TEMPERATURE MAGNET WIRE «+ PRINTED CIRCUITS 
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teleprinted messages sent, relayed 
and received...in seconds! 





To coordinate the action of 
widely-dispersed groups, 
Kleinschmidt reperforator 
teletypewriters at communication 
centers immediately re-transmit 
printed messages to 
headquarters, exactly as 
received from outlying positions. 


Reception and transmission of in- 
formation to higher echelons must 
proceed smoothly, accurately and 
quickly. Kleinschmidt reperforator 
teletypewriters, developed in coop- 
eration with the U.S. Army Signal 
Corps, save valuable time because 
the printed message on perforated 
tape facilitates fast reading...im- 
mediate action. The same tape 
activates the transmitting equip- 
ment; the original message reaches 
its ultimate destination without 
delay, without change. 

The Kleinschmidt equipment of 
today reflects almost 60 years of 
engineering and research in the 
teleprinted communications field. 
Now this vast fund of technical 
experience, joined with that of 
Smith-Corona Inc, points toward 
new accomplishments in electronic 
communications for business and 
industry. 


KLEINSCHMIDT LABORATORIES, INC. 


PIONEER IN TELEPRINTED COMMUNICATIONS EQUIPMENT 
A SUBSIDIARY OF SMITH-CORONA INC ¢ DEERFIELD, ILLINOIS 
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transistor 
power 
supplies 


NEWLY DESIGNED FOR 
TRANSISTOR VOLTAGES 


e 3 RANGES—FINE RESOLUTION e TUBELESS 
e LOW COST e CONTINUOUSLY VARIABLE 


These new T-Nobatrons are the perfect solution to the 
problem of providing well-regulated voltages for the de- 
velopment and testing of transistor circuits. They provide 
stable DC output voltages in three ranges, with fine resolu- 
tion. Excellent transient response for line and load pulses. 
Simple tubeless construction means greater reliability, 
lower cost, Also ideal for many other applications in these 














voltage ranges, such as relay testing and computer cir- 
cuitry development. 
ELECTRICAL CHARACTERISTICS 
Model 150-1.5 1760-5 17120-2.5 
AC Input (60 ~ ,1¢) 95-130 95-130 95-130 
DC Output Voltage 0-10 0-10 0-25 
(three ranges) 0-25 0-25 0-50 
0-50 0-60 0-120 
Output Current (amps.) 9.1.5 0-5 0-2.5 
Regulation, line: 105-125 V +1% +0.5% +0.5% 
For wider input =+2% +1.0% +1% 
Internal Resistance, 
typical (ohms) 
low-voltage range 1.2 0.35 1.3 
middle range 2.1 0.55 2.0 
high range 4.5 1.0 4.0 
Ripple (mv) 50 max. 50 max. 50 max. 
Time Constant (line) 0.08 sec. 0.08 sec. 0.08 sec. 
(lead) 0.15 sec. 0.15 sec. 0.15 sec. 








@ DUAL RACK INSTALLATION 


MODEL T50-1.5 








SORENSEN & COMPANY, INC. : 7 SO. NORWALK - CONN. 





fn Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment. 
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that | tells time 





RAYTHEON’S new CK1053 


Operating Time Indicator Tube: 


Y full scale time indication at any value from 
250 to 5000 hours. 


operating ambient temperature: 0°C to 100°C. 
storage ambient temperature: —60°C to -!-100°C, 
current drain: 1 to 100 Adc. 

voltage drop: approximately 2 volts. 


Bie. i, th eS, 


can be mounted in any position; wired into modules or 
subchassis; immersed in oil or any other medium. 


Y low cost, light weight, small size. 


There’s an almost unlimited range of applications for this revolutionary new 
Time Indicator which is read with a commercially available colorimeter. 
For the whole story get in touch with 


S P E Ee | A L T U B E D | V | S : O N Newton, Mass.: 55 Chapel St., Bigelow 4-7500 

A New York: 589 Fifth Ave.,.Plaza 9-3900 
Reliable Miniature and Subminiature Tubes ¢ Voltage Reference Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-6130 
Tubes © Voltage Regulator Tubes « Pencil Tubes ¢ Nucleonic Tubes Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-422) 
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BUSINESS BRIEFS 


ELECTRONICS NEWSLETTER 


@ Bigger defense budget than the $38-billion one 
expected and more money for missile electronics 
could well be in the offing. Congressional leaders 
are preparing to achieve this through more bipartisan 
cooperation in budget considerations and voting 
this year. 

That would pretty much mean granting the Ad- 
ministration’s defense appropriation requests in full, 
perhaps even increasing them. Some Congressional 
leaders feel the budget may go as high as $40 billion, 
with maybe close to $4 billion for electronics, 
including I & D. 





® Missile spending, already at a $4.5-billion annual 
rate, may go higher. Even before last month’s suc- 
cessful test firing of the 5,000-mi Atlas ICBM, 
Missile Director Holaday told a Senate subcommit- 
tee that annual appropriations for this missile would 
have to be hiked by one-third. Subsequently Air 


Secy. Douglas revealed that we plan to have opera- 
tional ICBM’s “within two years.” 

Cost of one ICBM is estimated at $2 million, an 
IRBM at $1-$1.5 million, when they come off the 
production line. One-fourth goes for electronics. 


@ Economic paradox this year may be continued 
gains for our industry, even if the general business 
forecasts get gloomier. Sales of electronic products 
in 1957 rose to more than $7 billion from $5.9 bil- 
lion in 1956. Electronic Industries Association looks 
for an 8 to 10-percent increase this year. 


@ Radio set output in 1957 was 9 percent above 
the previous year and “near post-war peaks.” Con- 
tinuing upward trend is predicted by EJA. Rising 
interest pushed production of these units from 13.9 
million in 1956 to 15.3 million units in 1957. EIA 
thinks this figure will go up at least another half 
million in 1958. 





FIGURES OF THE WEEK 


RECEIVER PRODUCTION 


Eee OB a, CN RE an oii 1 Se ee ee 





STOCK PRICE AVERAGES 


(Source: EIA) Dec. 7,’57 Nov. 29,’57 Dec. 7,'56 (Source: Standard and Poor's) Latest Week Previous Week Year Ago 
Television sets, total .... 109,339 123,844 151,993 Paes Dec. 18, ‘57 Dec. 11,’57 Dec. 18, ’56 
Radio sets, total ........ 387,597 357,881 374,826 Radio-tv & electronics .. 40.10 43.07 48.37 

BME 55555265 cis 121,784 109,372 164,907 Radio broadcasters ..... 50.09 52.88 62.05 
TRANSISTOR SALES 
LATEST MONTHLY FIGURES (Source: EIA) Oct. ’57 Sept. ‘57 Oct. ’56 
EMPLOYMENT AND PAYROLLS gt Pererrerr re 3,544,000 3,231,000 1,290,000 
Wa xs en dodiucwnns $7,075,000 $6,993,000 $3,930,000 
(Source: Bur. Labor Statistics) Aug. ‘57 July ‘57 Aug. ‘56 
Prod. workers, comm. equip. 409,800-p 393,700-r 392,300 TUBE SALES P Z 
. 77.81 5.85 $75.76 (Source: EIA) Oct. ’57 Sept. '57 Oct. ‘56 
a y: cre, teen WIE <P WIENS + é Receiving tubes, units .. 47,075,000 44,382,000 42,921,000 
Av. wkly. earnings, radio $75.81 -p $75.24 -r $73.75 Receiving tubes, value .. $38,421,000 $35,545,000 $34,362,000 
Av. wkly. hours, comm. .. WF e-°-Mi + 3 Picture tubes, units .... 995,629 1,071,662 1,165,740 
Av. wkly. hours, radio ... 39.9 -p 39.6 -r 40.3 Picture tubes, value .... $19,495,574 $20,819,036 $21,117,261 
1957 1956 Percent Change 
FIGURES OF THE YEAR Receiving tube sales «+e 388,738,000 390,357,000 —0.4 
Transistor production ...... 22,386,300 9,403,000 +138.1 
Cathode-ray tube sales...... 8,304,181 9,233,780 —10.1 
30 Totals for first 10 months Television set production... 5,251,158 6,050,052 —13.2 
221 Radio set production....... 11,945,534 10,884,760 +9.7 
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Handwriting reader. Operator 
writes numerals with stylus on spe- 
cial surface at right 


Push Computer 
Input, Storage 


A NEW ALL-OuT, industry-wide at- 
tack is underway on the old com- 
puter bugaboos—input and access 
times. 

Lecturers and exhibitors at the 
recent Eastern Joint Computer 
Conference in Washington, D. C. 
hammered away at input mechan- 
ization, memory expansion and 
data-retrieval speeds. 

Also given attention was the de- 
velopment of hybrid or digital-ana- 
log computers. Activity in this area 
was marked by discussion and dis- 
play of digital-to-analog and analog- 
to-digital conversion devices. 

Other new developments in- 
clude: 

High-Density Drum — Memory 
designed by Laboratory for Elec- 
tronics provides 14.7-megabit ca- 
pacity with an average random ac- 
cess time of 180 milliseconds. 
Unique head construction permits 
1,040-bit per inch storage on each 
drum track. Mechanical problems 
are partially overcome by hydrody- 
namically suspending — read-write 
head on a thin film of low viscosity 
oil. 

Handwriting Reader—Bell Lab 
introduced a reader (see photo) 
used to transfer handwritten num- 
erals directly to data-processing de- 
vices. Information is inserted by 
writing on cards with a conductive 
pencil lead or writing on a special 
surface with a metal stylus. All 
numbers are formed around two 
vertical dots on the card or on the 


- 


8 








WASHINGTON OUTLOOK 


Expecr MORE confusion out of Washington on the missiles picture. 
The administration’s position is confused by interservice rivalry, by 
the surplus of high-ranking officials with varying degrees of authority, 


by the pressures of politics. 


The Democrats in Congress are powerful in saying how far and how 
fast our “catch-up-with-the-Russians” projects should go. They feel 
Eisenhower's prestige as a leader is badly tarnished, that they can now 
attack with vigor without risking political retaliation from constituents. 
In general, they're strong for more spending and a large-scale Pentagon 


shakeup. 


Regardless of all this, electronics is sure to benefit from the huge 
new demand for more advanced weapons more quickly. The adminis- 
tration will have in its forthcoming budget more money for advanced 
weapons of all kinds—missiles, antimissile missiles, new radar warning 
nets, more submarines. There will be no cutbacks in bomber pro- 
duction, at least for a while, although output of other manned planes 


will be slashed. - 


All this means an increase in electronics business of substantial size. 
Pentagon spending for such gear during the fiscal year beginning July 1 


will rise above the $3.5 billion to $4 billion to be spent this year. 


The administration is already spending $4.5 billion yearly on mis- 
siles, an increase of $2 billion over the previous spending rate. 
Electronics share of guided-missile spending ranges from 25 percent for 
inertially guided ballistic types to 40 percent or more for other systems. 


e Missile production is the number one target of the administra- 
tion. The decision at this time is to get as many experimental 
IRBM’s and ICBM’s into production as soon as possible—Thor 
and Jupiter IRBM’s, Atlas and Titan ICBM’s. But contractors 
complain they see no evidence of production orders worthy of 
the name. Actually, missile-per-month production goals have been 
cut back. For instance, the goal now is to reach a Thor produc- 
tion rate of six a month sometime this year; earlier, there had 
been a tentative plan to produce twice as many. 


¢ Federal subsidies for science education are sure to run into the 
hundreds of millions next year. The administration is expected 
to ask for a massive program calling for money to be paid to high 
schools, technical institutes and universities. This will go for 
scholarships, boosting pay of teachers, purchase of lab equipment. 
Administration officials are talking of $300 million per year; 
Democrats talk of $500 million per year. All the sciences, includ- 
ing mathematics and languages, would be involved. 

Other proposals range far and wide: A federal science academy 
similar to West Point, Annapolis, and the new Air Force Acad- 
emy; a new government agency responsible for exploring outer 
space as the Atomic Energy Commission is for nuclear projects. 

No one knows fur sure how far any of these ideas will eventually 
go. But one thing is sure: electronics projects, whether govern- 
ment or privately sponsored, have a chance for acceptance by 
Washington that’s far greater than ever before in our history. 


One sign: bickering over raising pay of government scientists 
and engineers is over. The administration will back its own ideas 
which would boost the salaries of top pay-grade scientists and 
engineers by as much as $1,000 a year. 
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Order from the 
world’s most e 3 $ 
complete stock of ece 


Why order from several sources when you FOR 24 HOUR DELIVERY 


can buy all your relays from us! 


CALL WEST CHICAGO 1100 


Save the cost of multiple purchase orders, 
delivery dates and payments. Save confusion and 
delay waiting for relays to be manufactured. 
We have over a million latest models in stock. For Relay Catalog C-8 
Specify the contact arrangement and coil rating Phone or Write 
you need.-No order is too small, nor too big. 

All relays are new, inspected and 

unconditionally guaranteed as represented. 
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These outstanding 





MICRO SWITCH precision switches 
enable Eiectronic engineers to 


save space, time, maintenance 


and installation costs 


High quality with reliability has made 
MICRO SWITCH the leading manufacturer of 
precision switches with the largest line of 
switches from which to select. MICRO SWITCH 
plants and development laboratories are 
equipped with scientific tools for painstaking 


Small, safe door interlocks 
for protection of electronic equipment 


These MICRO SWITCH door interlock 
assemblies are for use on cabinets 
housing hazardous equipment—such 
-as radio, radar, x-ray, etc. The inter- 
lock automatically cuts off the power 
supply when the door is opened. 

By pulling the rod actuator to the 
maintained contact position, it is pos- 
sible for service personnel to check 
the circuits with the power on. 


When the door is closed, the rod 


precision, quality control and testing tech- 
niques. Field Engineering offices blanket the 
country. There is always a MICRO SWITCH 
man near you—ready to cooperate on 
switching problems. Consultation costs you 
nothing—can save you much. 


1409 ____—~ 








ii! 1.125 











MICRO SWITCH subminia- 
ture door interlock switch 
assembly. 


automatically returns to the normal 
position so that the next door open- 
ing will automatically break the cir- 
cuit. This eliminates the danger in- 
volved in ‘“‘tying down’ conventional 
door interlocks. 











Interlock-assemblies shown are but 
two of over 70 such assemblies avail- 
able with subminiature, V-3 type 
switches and other basic switches. 


( Send for Catalogs 74 and 75 ) 








MICRO SWITCH V-3 door 
interlock switch assembly. 


This screwdriver-operated 


10 


switch saves wiring and panel space 





Here is an ideal switch for locations to 
which access is limited and where it is 
desirable to prevent accidental opera- 
tion. Designers have found it particu- 
larly suited to such applications as 
computers, electrical devices and elec- 
tronic equipment. 


The switch is operated by a 90-degree 





This subminiature switch assembly is 


_; Operated by 90° turn of a screwdriver 


turn of a screwdriver. The slotted head 
gives visual indication of the position 
of the switch. Because this switch can 
be mounted deep in equipment, either 
on or below the chassis, it saves wiring 
cost and valuable panel space. All that 
is necessary for its operation is an ac- 
cess hole and a long screwdriver. 

( Send for Data Sheet 115 ) 


CIRCLE 6 READERS SERVICE CARD 
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ELECT! 


Switches have uses unlimited H 









How to get more 


pushbutton switches on a panel 


MICRO SWITCH Series 100 PB Lighted Pushbutton 
Switches provide an unusually neat, good looking panel. 
Their compact mounting allows more switches per panel. 


Important features include: 


Three types of illuminated 
signal— 

(1) one-color buttons, (2) two colors 
(lighted singly or in combination) and 
(3) choice of either of two colors— 
neither of which is visible when button 


Matching lamp assemblies 
available— 

Matching indicating lamp assemblies 
are available with the same button and 
lamp combinations and the same means 
of mounting as the complete 100 PB 








Typical switch mode 
ule on a 3-circuit dee 
eign. 




















is unlighted. switch assembly. 
( Send for Data Sheet 143 ) 


Large, easily engraved buttons— 


Buttons are large enough to allow two net = 
lines of clearly legible engraving. sLucENT pA 





Wide choice of circuitry— =< 


Because separate terminals are pro 
vided for each lamp and for each ele< j; 
ment of the contact structure, these 
switches permit intermixing of voltages, 
a-c or d-c current and even combina- 
tions of opposing polarities. 





Exploded view shows 


sae A typical compact assembly of switches in panel slots. in itch b 
com Indicates choice of button color and number of circuits, Sateen and sooumtind 
means, 


A roller-lever switch with the stability 
of pin-plunger switch 


door 
ibly. 








A new design in roller-lever 
actuators is this MICRO 
SWITCH Type W. 
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This small, compact roller-lever 
basic switch is ideal for use of such 
control mechanisms as radar units, 
precision machine tools or other 
devices where precise actuation 
with little variance in operating 
points is required. 


This Type W switch incorporates 
a new design in roller lever actua- 
tors which gives it an operating 
stability similar to a pin-plunger 
switch—low pre-travel, narrow 
differential travel and close re- 


peatability but also permits ex- 
ceptionally high overtravel. 


The roller is located on top of a 
double lever. As the roller is de- 
pressed, both levers move down- 
ward until the switch is actuated. 
The upper level then proceeds on 
downward, providing the high 
overtravel. The limited overtravel 
given to the snap spring and a low 
break gives this switch a long, 
trouble-free mechanical life, 


( Send for Data Sheet 127 ) 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
In Canada, Leaside, Toronto 17, Ontario * FREEPORT, ILLINOIS 


Fiut ww Pucirion Gwitthing 
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surface. Shape of character drawn is 
sensed when radius vectors extend- 
ing from the dots have been crossed. 
Rapid processing of long distance 
tickets is the first use Bell expects 
to make of the reader. 

High-Speed Punch—Soroban En- 
gineering demonstrated their 240- 
word per second tape perforator de- 
signed to supply 5, 6, 7 or 8-hole 
input data to communications 
equipment. The punch will also 
complement instrumentation  sys- 
tems and record computer output 
data. 

Magnetostrictive Memory—A 
magnetostrictive delay-line memory 
unit capable of 120-microsecond 
random access and large storage 
capacity was displayed by Del- 
time. One delay line is used to gen- 
erate clock pulses and to form dig- 
its while ten other delay lines 
serve as storage devices. 

Converter — Packard-Bell _intro- 
duced a transistorized, voltage-to- 
digital and digital-to-voltage con- 
version system. The packaged unit, 
called a Multiverter, is also capable 
of performing interstage arithmetic 
operations. Analog-to-digital conver- 
sion time is 4 microseconds per bit 
for 0.01-percent accuracy. Digital- 
to-analog conversion time is 4.5 
microseconds. 

Tape Reader—Digitronics’ perfo- 
rated tape reader is capable of read- 
ing either paper strips or reels at 
750 characters per second. Reverse 
feed control permits operation for 
programs requiring repeat feeding. 
Unit was designed for use with digi- 
tal computers and automation con- 
trollers but can also convert data 
from perforated tape to magnetic 
tape. 


Spectrometers 
In Production 


TIME-OF-FLIGHT mass _ spectrom- 
eters are now in commercial pro- 
duction at Bendix Aviation’s Cin- 
cinnati division. They carry price 
tags of $15,000 to $25,000. Their 
stock in trade is almost instantan- 
eous analysis. 

The instrument uses radar-like 
techniques to reveal the molecular 
mass of matter under study. It can 
analyze vaporized gases, liquids or 
solids as quickly as 1/10,000th sec- 
ond. 


- 
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MILITARY ELECTRONICS 


e Newly-formed System Develop- 
ment Corp., formerly a division of 
Rand Corp., will take over from 
Rand a $20-million contract with 
USAF which calls for providing 
professional technical services to 
the Air Defense Command. 

Two major projects are: installa- 
tion and maintenance of a system 
training program for the air de- 
fense system, and programming for 
the computers in SAGE. 


e Inertial guidance system for 
Thor, according to producer AC 
Spark Plug, is sufficiently accurate 
to take a plane from Milwaukee 
to a predetermined runway in Los 
Angeles without the pilot’s touch- 
ing the controls. “Volume produc- 
tion” has been ordered for Thor. 


e Electronic training device 
called the Universal Simulator 
trains Navy personnel at the U.S. 
Submarine Base at Groton, Conn., 


for work on nuclear-powered subs. 
Engineering specifications for the 
simulator were provided by the 
Naval ‘Training Device Center. 
Electric Boat division of General 
Dynamics was in charge of pro- 
duction. 

By adjustment of its computer 
system, the simulator can be made 
to duplicate the control character- 
istics of all the various types of sub- 
marines now in action, plus a few 
still on drawing boards. 


e Electronically-operated device 
to count and measure fog particles 
has been developed by the Army 
Chemical Corp’s Chemical War- 
fare Laboratories, Army Chemical 
Center, Md. Expected to be use- 
ful in studies of chemical fogs and 
other fine particle matter, the de- 
vice distinguishes between drop- 
lets of moisture and other kinds of 
particles. One man can measure 
and record an average rate of 3,300 
particles an hour. 








Masers Probe 


A THREE-LEVEL solid-state Maser, 
operated at Harvard last month for 
the first time, promises to extend 
the range of radio telescopes 10 
times farther out among the ga- 
laxies and should be able to con- 
firm or deny the existence of hy- 
drogen gas between the galaxies, 
now only suspected. 

This Maser was the first to run 
successfully in the 2l-cm_ wave- 
length band—the frequency emis- 
sion from interstellar hydrogen. 

Another significance of the de- 
vice, which provides amplification 
by redistributing the magnetic mo- 
ments of the electrons inside a 
crystal, lies in its signal-to-noise 
ratio. It is believed that the Harv- 
ard Maser, a low-noise amplifier 
with a moderately high gain, will 
allow detection of signals one one- 
thousandth as strong as can be ob- 
served now. 

The immediate application is to 
radio astronomy. The narrow band 
width may make it unsuitable for 








Outer Space 


some radar applications, say J. O. 
Artman and Sydney Shapiro of 
Harvard, but it is expected to aid 
radar systems development. 

Heart of Harvard’s Maser is sin- 
gle crystal of potassium cobalti- 
cyanide, with an intentionally in- 
troduced impurity of one-half of 
present potassium chromicyanide. 
The crystal, about the size of the 
last joint of a man’s thumb, is kept 
by a bath of liquid helium at two 
degrees Kelvin. 

Electrons of the impurity in 
three discrete energy levels are 
used. Amplification is gained by 
shifting. electrons from level to 
level within the crystal. 

An applied electromagnetic field 
pumps the electrons continually 
from the lowest to the highest three 
energy levels. By keeping the crys- 
stal cold, the “relaxation” time— 
the time it takes for downward 
jump to restore equilibrium—is 
lengthened, and a maximum num- 
ber of electrons is kept at the 


January 3, 1958 — ELECTRONICS engineering edition 





wi 


ANC 
shor 
desi 
pict 
reac 
pro’ 
200 


FIRS 
inch 
inpt 
pun 
wip 
aut 
mea 
test 
tran 
indi 
Tall 


evel 


See 





ELEC 





NOW! END READOUT CONFUSION... 
with the new KIN TEL digital voltmeter 





| ANOTHER FIRST FROM KIN TEL! Here is a digital voltmeter that 

| shows numbers on a readable single plane! With KIN TEL’s new - 100 Microvolt Sensitivity 

design, there are no superimposed outlines of numbers in the 

picture...no confusion caused by dials and old style numerical * Automatic, Continuous Standard 
readouts. This digital readout uses a simple projection system — Ce// Calibration 

provides 7,000 to 8,000 hours of lamp life, compared with 100 to - High Reliability 


| 200 hours for ordinary readouts. * 0.0007 to 999.9V—Plus Automatic 
FIRST OF A COMPLETE LINE OF DIGITAL INSTRUMENTS! Others Decimal and Polarity Indication 


include: Converters for measuring AC, ohms, ratios...multiple 











input scanners... serial‘converters to drive typewriters and SPECIFICATIONS 
) punched tape units. Display...Four (4) digit with automatic polarity 
of WIDE APPLICATION! KIN TEL digital instruments are ideal for > aan yaa Lo internally eee an. 
id automatic check-out systems for missiles and rockets; computer Individual digits 1.25” high. 

measurements; process control monitoring; production testing; Automatic Ranges...0.0001 to 999.9 volts covered 
n- test system calibration; strain gage, thermocouple and other in four ranges 
ti- transducer measurements, and calibration of laboratory and Accuracy...0.01% or 1 digit, whichever is larger. 
in- industrial electronic instruments. Counting Rate...30 counts per second, providing 
of . - average balance (reading) time of 1 second, maximum 
our iocal KIN representative. S alance time of less thag 2 seconds 
le Talk to y local TEL rep tative. Sales and service balance time of less thag 2 
* everywhere. Or write us direct for further information. Reference Voltage... Chopper-stabilized supply, referenced 
pt to an unsaturated mercury-cadmium standard cell. 
le See the difference! Input Impedance...10 megohms, all ranges. 

ee En ee a Output...Visual display, plus print control. 
; i hase 53 = Peso Automatic print impulse when meter assumes balance. 
in No accessories required to drive parallel input printers. 
ed Input...115 volt, 60 cycle, single phase, 
by approximately 75VA. 
to Dimensions...Control unit, 544” high x 19” wide x 16” 
deep. Readout display, 342” high x 19” wide x 9” deep. 

eld Weight...Approximately 40 Ib. 
lly ORDINARY READOUT Price...$2,100 
rec 
“yS- Over 10,000 KIN TEL instruments in use today! 
ard 5725 Kearny Villa Road 
—1S San Diego 11, California 
lim- 
the KIN TEL READOUT (KAY LAB) 
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highest level. And incoming im- 
pulse of 21-cm radiation stimulates 
emition from the top energy level. 
Its electrons drop to the middle 
energy level, emitting 21-cm radia- 
tion. They give for far more radi- 
ation than the incoming trigger sig- 
nals. The net effect is that they 
amplify greatly the incoming sig- 
nals. 

Professor Thomas Gold, Harvard 
astronomer and authority on radio 
astronomy, says the Harvard Col- 
lege Observatory hopes to apply 
the Maser to the radio telescope as 
soon as possible. To make full use 
of it, declare Artman and Shapiro, 
a microwave circulator is needed— 
and this has not yet been developed 
as a packaged unit. 

Professor Gold predicts the Maser 
will enable radio telescopes to 
reach out into the universe as far 
as, or farther than, the best optical 
instruments. Maser-equipped tele- 
scopes should provide a testing of 
cosmological theories (such as the 
theory of the expanding universe ) 
“better than in every present 
means,” he says. 

The Maser was developed by 
Nicolas Bloembergen, Artman and 
Shapiro. Bloembergen, Gorden Mc- 
Kay Professor of Applied Physics, 
proposed the three-level solid state 
Maser in July 1956. 


Testing Moon 
As Reflector 


Controt of rockets traveling half 
way around the earth, and _tele- 
vision transmissions to points lo- 
cated over half the globe, are among 
possibilities now being “envisioned 
from research by the U. of IIlinoi: 
and Army Signal Corps. 

These things may be accom. 
plished by using the moon as ; 
giant reflector of radio signals. 

Now the university and Army are 
engaged in a project studying the 
quality and reliability of these 
signals. 

An antenna reflector 28 feet in 
diameter has been erected atop the 
Electrical Engineering Bldg. on the 
campus to receive signals coming 
by way of the moon from the 
Signal Corps Laboratory at Ft. 
Monmouth, N. J. 

Radio signals make the _half- 
million-mile round trip in 24 sec. 


- 
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e Midwesten Instruments, 
Tulsa, Okla., purchases Data Stor- 
age Devices, Van Nuys, Calif. Pur- 
chase amount was not disclosed. 
DSD will be moved to Tulsa with 
about 10 executives. About 100 em- 
ployees will be hired to staff the 
new division. DSD manufactures 
magnetic recording heads and mem- 
ory drums. Midwestern makes com- 
ponents for military equipment, in- 
cluding missiles. 


e Control Data Corp., Minne- 
apolis computer development firm, 
purchases Cedar Engineering, an 
electronics and precision manufac- 
turing company, also of Minneap- 
olis. All of Cedar stock was ac- 
quired but price was not disclosed. 
Purchased firm will become the 
Cedar Engineering Division of 
Control Data. This first step in a 
program of growth through acqui- 
sition adds production and engi- 
neering facilities to Control Data’s 
research and development facilities. 


¢ Dumont-Airplane & Marine 
Instruments of Clearfield, Pa., an- 
nounces purchase of Le John Manu- 
facturing Co., Huntington, West 
Va. The purchase is part of Du- 
mont’s expansion and acquisition 
program. Le John produces electri- 
cal and mechanical equipment for 
the government, and fans, blow- 
ers and hair dryers for home and 
industry. Dumont makes capaci- 
tors and designs and manufactures 
electrical-electronic devices. 





FINANCIAL ROUNDUP 


© Federal Shock Mount bought 
by Massachusetts Mohair Plush, 
through stock purchase. Both firms 
are located in New York City. Fed- 
eral designs, develops and manu- 
factures vibration and shock mount- 
ings for use in missile and aircraft 
equipment. Mass. Mohair operates 
textile mills and other industrial 
enterprises. 


e@ Martin Co. in Baltimore, Md., 
is looking into merger possibilities 
with several aircraft firms and also 
several firms heavy in electronics 
and guidance. Martin’s president, 
George M. Bunker, expects reduc- 
tion in number of aircraft firms 
from trend toward complex weapon 
systems. He foresees mergers lead- 
ing to fewer companies and wants 
Martin to be ahead of this move- 
ment. 


eCohu Electronics, San Diego, 
Calif., acquires Millivac Instru- 
ment and Volkers & Shaffer, both 
of Schenectady, N. Y. Acquisition 
was effected through exchange of 
stock, but price was not disclosed. 
The two acquired companies, which 
manufacture electronic __instru- 
ments, will be merged into a single 
operating unit, the Millivac Divi- 
sion of Cohu. Transistor and tube 
patents held by Walter Volkers, 
former head of the acquired com- 
panies, were part of the merger 
deal. Volkers becomes president of 
the Millivac Division and Cohu 
vice-president. 








Semiconductor 


SEMICONDUCTOR sales will increase 
to about $1 billion annually in 
1967, according to a market analy- 
sis reported by 4H. Brainard 
Fancher, general manager of GE’s 
Semiconductor Products Dept. 
Transistors were used in about 
12 percent of the new electronic 
equipment built in 1957. Their 
use is expected in about 80 percent 


Sales to Leap 


1957 are put at $140 million. A 
market of $200 million is expected 
in 1958. Of this, $105 million will 
be transistors. Transistors are ex- 
pected to show a 75 percent rise in 
unit volume and a 50 percent rise 
in dollar volume. Sales of semi- 
conductor diodes and rectifiers will 
increase about 25 percent during 


1958. 


of equipment to be built in 1967. 

Fancher predicted that transistors 
will be instrumental in the expan- 
sion of the electronics industry 
from a total new equipment sales 
volume of $6.9 billion in 1957 to 
$12.5 billion in 1967. 

Total semiconductor sales in 


Fancher expects semiconductor 
market growth to follow the pat- 
tern set by tubes. Hawever, he 
points out, semiconductor devices 
are gaining about three times as 
fast as tubes. 

The largest single future market 
could be tv receivers. 
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Hughes 
Quick Recovery 
Silicon Junction 
Diodes 
















Now, in circuits where germanium once provided 
the only possibility, you can use quick recovery 


SPECIFICATIONS ¥ 








all voltage classes covered by the standard line. 


cae 2 Forward 

silicon diodes from Hughes. Speeds are fast Type ; Curent @ Reverse Current at Specified Voltage Recovery 
enough for most high frequency or fast switch- Numbers WIV (min.) 1.5¥ (min.) @ 25°C (max.) @ 100°C (max.) (mod. IBM “Y” test circuit) 
ing applications. And every diode is well able to en re pa paar Pe GG Pa ons 
stand up under high voltages at high tempera- ” wae m+ uA @ — Ker (min) in 0.15,,s06 
tures. In fact, the breakdown voltage increases iu 
with temperature, thereby providing maximum 1N626 50v 4mA 20,4 @ —35V 100,A@ —35¥ = 400 Ky (min.) in 1,,see 
protection when temperatures reach unexpected 1N627 100V 4mA 20,4 @ —15¥ 100,A@ —T75¥ 400 Kg (min) in 1,,see 
levels. This is real ruggedness, the kind that ras 
ensures reliability under the most severe operat- Iéze 130¥ AmA MAG —WN — 10,A@] —1250 400 Ke (min) in 1,508 
ing conditions. 1N629 2009 4mA 20,A@—175V 100, A@ —175V 400 Ky (min.) in 1, see 
NEW HIGHER CONDUCTANCE TYPES — Here's a new HDeST3 «150 GmA 2, A@—125V 100, A@ —125V 400 Ke (min) in 1, see 
group of related diodes, each with excellent volt- tt 

age and temperature characteristics plus the added HD6635 = SOV 1SmA 2,A@—3V = 100,A@ —35V 400 Kop (min.) in 1,see 
advantage of higher forward current. HOSE = 150 1SmA 20, A@—125V 100, A@ —125V 400 Ko (min) in t,see 
Special high conductance types are available in HD664z 50V $mA 20,A@ —35¥ 100, @ —35V 400 Ke, (min.) in 1,900 








Perhaps you would like to discuss your particular 


Ambient Operating Temperature Range: —80°C to +150°C 





requirements with us. If so, please write: 


SEMICONDUCTOR DIVISION + HUGHES Aircraft Company 
International Airport Station, Los Angeles 45, California 


HUGHES 


Ee). 


SEMICONDUCTORS 
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’ 
Makes Radar's 
\ ° . ° ’ 
Missing Link 
DevELOPMENT of a device which 
“sees” through fog, rain or snow 
was announced recently by Dia- 
mond Antenna and Microwave 
Corporation of Wakefield, Mass. 

“Eyetron” converts microwaves 
into visible light, reproducing the 
vision of the human eye electroni- 
cally, according to Albert S. Hova- 
nessian, Diamond president. 

The company claims Eyetron 
will permit safe landing of planes 
under zero visibility conditions. 
Other applications, the firm says, 
include “‘close navigation” for ships 
and harbor craft. 

Eyetron is not radar, nor is its 
purpose to replace radar, says 
Hovanessian. “Our chief intention 
is to supply the ‘missing link’ of 
present-day radar systems; that is, 
to fill the gap where radar is use- 
less at close proximities and where 
radar-type presentation requires 
skilled operators.” 

* The company is withholding 
technical details of the device, says 
the military “has first call for its 


” 


use. 


Fuel Gage Sales 
Hit $20 Million 


CapaciToR-TYPE electronic fuel 
gage systems are now used in al- 
most alt military and commercial 
planes. Private craft still generally 
employ mechanical floats, however. 

Minimum price of fuel-gage sys- 
tem is about $300. Volume nation- 
wide business is in excess of $20 
million, annually, more than eighty 
percent of which is done with the 
military. At least four firms are 
active in the field. 

Many electronic fuel gages now 
use transistors. One such system 
weighs only one-half pound. Re- 
cent improvements made on gage 
systems include a_ free-flooding- 
tank unit, which permits accurate 
measurement of tanks containing 
mixed grades of aircraft fuel, and 
a load-limit control, which auto- 
matically stops the fueling pump 
at some preset level. This control 
is said to reduce fueling time from 
fifteen to twenty percent, enable 
a crew to perform additional tasks 
during the operation. 


_, Jan 





MEETINGS AHEAD 
































posium on Reliability and Qual- 
ity Control, Hotel Statler, 
| Washington, D. C. 


Jan. 13-15: American Management 
Assoc. Conf. on Product Plan- 
ning, Top-management, R&D 
programs, Roosevelt Hotel, 
N. Y.C. 


Jan. 20, 27; Feb. 3, 10, 17, 24: 
Lecture Series on Modern Com- 
munications, AIEE, IRE, Univ. 
of Penn., Philadelphia, Pa. Con- 
tact: S. Sharp, Franklin Inst., 
Phila., Pa. 


Jan. 22-24: Electronic Industries 
Assoc. (formerly RETMA) 1958 
Conference on Automation, Au- 
ditorium of Arizona State Cel- 





lege, Tempe (Phoenix) Arizona. 


Jan. 27: Four Corners District of 
A.S.T.M., technical _ sessions 
planned for New Mexico, Ari- 
zona, Utah and Colorado. Con- 
tact: J. L. Abbott, 1902 Rich- 
mond N.E., Albuquerque, New 
Mexico. 


Jan. 27-28: Sixth 


Scintillation 


JANUARY FEBRUARY MARCH 
SMTWTE S|ismtwres|isSmtwres 
1234 1 1 
$@7s90n|)|23;@se78/)/2348678 
12 @14 15 16 17 18| | 9 10 11 12 13 14 15] | 9 10 41 12 13 14 15 
19 20 21 @23 24 25| | 16 17 @19 @ 21 22| | 16 17 @19 20 21 22 
26 @ 28 29 30 31 23 24 25 26 27 28 % %; 28 26 27 28 29 
Jan. 6-8: Fourth National Sym- Counter Symposium, IRE, 


AIEE, AEC, NBS, Hotel Shore- 
ham, Wash., D. C. 


Feb. 3-7: American Institute of 
Electrical Engineers, Winter 
General Meeting, Hotel Statler, 
N. Y.C. 


Feb. 14-15: Cleveland Electronics 
Conference, Fifth Annual, IRE, 
AIEE, ISA, CPS, Masonic Audi- 
torium, Cleveland, Ohio. 


Feb. 18: Fourteenth Annual Qual- 
ity Control Clinic, Rochester 
Society for Quality Control, War 
Memorial, Rochester, N. Y. 


Feb. 20-21: Conf. on Transistor 
and Solid State Circuits, PGCT, 
AIEE, Univ. of Penn., Phila., 
Pa. 


Mar. 16-21: Nuclear Eng. & Science — 


Congress, PGNS, EJC, ANS, 
Palmer House, Chicago, IIl. 


Mar. 18-19: Conf. on Extremely 
High Temperatures, AFCRC, 
Air Force Cambridge Research 
Center, L. G. Hanscom Field, 
Bedford, Mass. 





Ready To Record Satellite Passes 


Scientists of the University of Illi- 
nois Observatory currently are ready 
to record passages of any satellites 
—American or Russian—which go 
through the heavens within radio 
range, declares Prof. George C. Mc- 
Vittie, head of the astronomy de- 
partment. 

Under direction of Prof. George 
W. Swenson Jr., a radio interfer- 
ometer has been set up to receive 
108-megacycle signals from the 
American satellite and make pre- 
cise records of them. 

Because of the higher frequency 


and expected weaker signals, this 
is a more difficult and complicated 
job than was reception and record- 
ing of signals from the two Rus- 
sian satellites, both of which were 
tracked at Illinois. 

The equipment used to record 
satellites’ passages is being kept in 
readiness for any future Russian 
launchings. It includes a pair of 
crossed interferometers and a short- 
base interferometer to receive 40- 
megacycle signals, and a pair of 
crossed interferometers operating 
on 20 megacycles. 


CIRCLE 10 READERS SERVICE CARD —» 

























































SE 


“s 
Nov 
rap 
reli 
witl 
are 
cop 
con 


DC- 
shoc 
age, 
cont 
Stan 
cons 
requ 
Tem 
to ] 
Ter: 
itary 
and 
ten 
cont 
Add 
is p 
inch 
Prov 
stan 
plac 
























PHILLIPS 


SERIES 33 SUB-MINIATURE RELAYS 


DATA SHEET 


REMOVE AND FILE FOR REFERENCE 


““SNAP-ACTION”’ DESIGN FOR EXTREME RELIABILITY 


Novel snap-over action of this switch eliminates the “floating-contact”. High contact pressures, extremely 
rapid flight time, quick are quenching, high impact and contact wipe are features accounting for its great 
reliability and unusually high contact ratings. Impact and wipe of the switch action, especially when combined 
with special contact materials, results in excellent low-level or “dry circuit” operation. Rapid flight time and 
are quenching makes this type switch particularly good with the use of inductive loads. Heat-treated Beryllium 
copper switch springs are employed for longer fatigue-life running into several million operations. Large 
contact blades offer good heat dissipation for long contact life. 


SERIES 33 ASSEMBLY FEATURES: 


DC-33 relays are constructed to withstand destructive 
shock tests of more than 100 G’s without mechanical dam- 
age, and high operative shock and vibration tests without 
contact chatter or opening. 

Standard coil and contact rating, listed on reverse side, are 
conservative. Additional ratings are available for special 
requirements. 

Temperature range for the standard unit is from —65° C 
to 125° C .Wider temperature ranges available on request. 
Terminal header and enclosure are designed to meet mil- 
itary requirements of leakage to specifications MIL-R-5757 
and MIL-R-25018. Insulation within enclosure is of high- 
temperature inorganic type, preventing contamination of 
contacts. 

Addition of a high temperature full-wave bridge rectifier 
is possible by extending length of the relay body to 1.5 
inches. 

Provisions for mounting are extremely flexible. Rugged 
standard mounting flange of the encircling type permits 
placement of flange at any position along body length. 


SERIES 33 DESIGN FEATURES: 


THE MAGNETIC ASSEMBLY: High magnetic efficiency 
and unusually low magnetic leakage is a characteristic of 
this tightly-closed magnetic circuit. Fully annealed Armco 
iron is used. Favorable armature weight (2.2 grams) to 
retractable spring ratio accounts for high resistance to 
external forces. Special coil design—dry-wound without 
impregnating varnishes and a minimum amount of in- 
organic materials—provides a high number of ampere 
turns for greater magnetic efficiency. Freedom of residual 
magnetism is obtained without use of conventional non- 
magnetic anti-freeze pins. 


DOUBLE SPIRAL SPRING: This unique spring fune- 
tioning as the armature retraction and one armature 
bearing, was especially designed for non-resonance over 
a frequency range from 0 to more than 3500 eps. Com- 
posed of two adjacent sections, each of which are dis- 
similar and tapered by a logarithmic function, this spring 
cancels out small resonant conditions which tend to occur. 
Spring is flexible in only one plane, allowing good arma- 
ture activity plus good armature stability from move- 
ment in undesireable planes. 


SERIES 33 SUB-MINIATURE RELAY AND SUB-ASSEMBLIES 
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Pill Telemeters From 
Digestive Tract 


_UMMARY —— Radio sounding device, small enough to swallow and pass 


through the gastro-intestinal tract, generates 400-ke signals that transmit 


internal temperature and pressure information. Powdered iron core is pres- 


sure sensor while transistor base-collector resistance is temperature sensor. 


Receiver uses nonlinear capacitors to sweep frequency band 


By STUART MacKAY and BERTIL JACOBSON 


Karolinska Institutet, Stockholm, Sweden 


UCCESSFUL passage and opera- 

tion of a radio telemetering 
device through the gastro-intesti- 
nai tract makes it possible to trans- 
mit internal temperature and pres- 
sure information, useful in medical 
diagnosis and physiological studies. 


Transmitter 


Called an endoradiosonde, the 
transmitter, modulator-transducer 
that is swallowed is a capsule that 
measures 0.9 cm in diameter and 


2.8 cm long. Since much smaller 
components are becoming available, 
specific details will change. The typi- 
cal circuit shown in Fig. 1, gen- 
erates a sufficiently powerful signal 
so that it does not require the use 
of a shielded room. The common- 
emitter connection is used in a 
Hartley circuit with a tapped coil. 


Components 


The coil contains 600 turns on a 
hollow *s inch diameter form that 














FIG. 1—Transistor quenching oscillator. 
The quench frequency depends on tem- 
perature and the r-f frequency on pres- 


sure. Adequate signal is generated to 
Penetrate the body's attenuation 
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FIG. 2—Sweeping frequency oscillator 
based on properties of nonlinear capaci- 
tors. These act in series to tune the tank 
circuit and in parallel to generate the 
sawtooth to produce panoramic effect 


is xs inch long. Into this moves a 
piece of powdered iron of 4-inch 
length and turned down to 4 inch 
in a lathe. The resonating capaci- 
tance is in the range of 100 ppf. 
Best blocking action is obtained 
with Telefunken transistor OC 612 
though the smaller CK 784 also was 
satisfactory. In some of the units, 
to save space, a hollow double ca- 
pacitor was wound. Thin metal foil 
combined with 10-micron poly- 
styrene tape, 5-mm wide, gives two 
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FIG. 3—Connection for many saturating 
capacitors under control of a small am- 
plitude input sawtooth (or switches and 
a small direct voltage) and yet having 
small nonlinearity to the a-c of the tank 
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cylindrical capacitors: a center 
piece with one metal piece outside 
and one inside, when the sandwich 
is wound up. The two capacitors 
of this unit required metal lengths 
of 5.5 centimeters and 0.55 cm. 

The coil itself, is the transmitter 
antenna, its field being adequate 
for detection. Circuit components 
are sealed with Araldite. 


Problems 


The -radio frequency, relatively 
insensitive to voltage changes, is 
affected by the shunt capacitance 
from end-to-end on the capsule. 
To eliminate the possibility of an 
air bubble giving an erroneous fre- 
quency shift, electrostatic shielding 
is desirable. Coating the inside 
with a layer of silver paint does not 
stop oscillation or radiation. An 
axial scratch eliminates any short- 
ed turn effect. 

These circuits are amplitude 
modulated if the iron core is re- 
placed by a copper one. It should 
be noted that any point in these 
circuits can be grounded. 

The diaphragm can be another 
source of error. A rubber mem- 
brane tends to change its elastic 
properties in various body fluids. 
To minimize this, the majority of 
the restoring force is supplied by a 
spring. An outer changeable limp 
diaphragm, employed for sanitary 
reasons, will also help. 

It_is desirable to eliminate the 
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lls, a F ss 
Nurse determining position of endoradiosonde. Signal is picked up by antenna loop 
connected to receiver. Oscilloscope at left qives temperature, right-hand scope gives 
pressure while drugs are tested as they progress through patient 


effects of orientation due to gravity 
acting on the core. A_ balanced 
pivoted armature is the obvious 
solution though a more compact 
method is desirable. The solution 
has not been found, but some 
methods for consideration are the 
use of a second internal weighted 
diaphragm at the other end of a 
U tube from the first, a second 
spring-suspended core at the other 
end of the coil, a spring suspending 
both core and coil and the use of a 
neutral buoyancy core in a liquid- 
filled chamber. 

In some experiments, the battery 
consisted of an iron and a gold elec- 
trode with the subject’s internal 
fluids acting as an electrolyte. For 
better stability the batteries are 
now constructed from the materials 
of a dismantled flashlight cell. The 
original batteries were formed 


around the lead from a pencil but 
the present ones sandwich the chem- 
icals between flat sheets of zinc and 
carbon. Most of their volume is 
depolarizer. 

During any normal experiment, 
2-4 days, the battery voltage does 
not change. Radioactive batteries” * 
might be employed to give a longer 
life in a smaller space. If a radio- 
active transistor could be developed 
this would also help. 


Frequency 


Skin depth considerations and 
transistor performance limitations 
led to the choice of a 400-ke signal. 
This frequency is modulated by the 
motion of the iron core caused by 
pressure changes. The transistor 
is temperature sensitive and the 
pulse repetition rate of blocking 
transmits this ‘*emperature_ in- 
formation. The latter reading, 
somewhat dependent on pressure, 
can always be corrected by the 
pressure reading which is rela- 
tively unambiguous. 


Blocking Action 


The blocking action depends on 
the charging of the base capacitor 
during oscillation because of recti- 
fication at the emitter junction. 
The base becomes positive. Due to 
oscillation hysteresis more charge 
is collected than is needed to keep 
the oscillation cut off and the tran- 
sistor is biased off for a finite 
period. During this period the ca- 
pacitor discharges through the 
temperature-sensitive resistances 
of the emitter-.and collector, both 
back-biased, in parallel. 

Oscillation resumes after the 
base becomes a fraction of a volt 
negative with respect to the emit- 
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Assembled endoradiosonde above and disassembled unit below showing exploded view 


of components. Scale indicates relative size 
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ter. Since the collector resistance 
is usually lower than that of the 
emitter, the collector tends to 
dominate as a thermometer unless 
prevented from doing so. The 
period of this relaxation oscillation 
is proportional to the average of 
this resistance over the blocked 
part of the cycle, multiplied by the 
base capacitance. 

If a ten-to-one turns ratio is 
used rather than approximately 
one-to-one then blocking is not ob- 
served, but instead amplitude 
modulation with temperature re- 
sults due to the varying equillib- 
rium voltage on the base capacitor. 

The blocking frequency is sensi- 
tive to voltage as a first-order ef- 
fect, decreasing voltage giving in- 
creasing frequency. 


Receiver 


The transmitted signal is re- 
ceived by a 100-turn loop, 4.5 em 
in dia, connected to the input of a 
U. S. Army BC-348-P receiver. 
This size loop indicates the ap- 
proximate location of the trans- 
mitter within the subject. 

The receiver is tuned to indicate 
the pressure and the signal tone 
carries the temperature informa- 
tion. Transmitter coi] and block- 
ing capacitor are adjusted so that 
the radio-frequency bursts have an 
approximately flat envelope, which 
leads to relatively sharp tuning. 


Scanning 


In developing a scanning method 
for the radio frequency, as in a 
panoramic receiver, the circuit 
shown in Fig. 2 was evolved. The 
nonlinear capacitors C decrease 
their capacitance in response to the 
increasing direct voltage across 
each. In series, they act as the 
tuning capacitor of the tank cir- 
cuit. In parallel, they respond to 
the slowly increasing direct volt- 
age. Thus nonlinearity to the radio 
frequency is small and sine waves 
are produced, but high control volt- 
age is not required. 

The scheme can be extended to 
four or more nonlinear capacitors 
as shown in Fig. 3. Here, one can 
either inject a sawtooth or apply 
steady d-c and periodically ground 
points A, in which case the circuit 
generates its own sawtooth. 

High R lowers Q little but the 


réplacement of parts of each R 
by inductance will make Q maxi- 
mum. Some point on L is assumed 
to have a d-c ground. Because of 
their discharge in parallel, even 
small capacitors can -trigger the 
thyratron, though a blocking oscil- 
lator is a better discharge device. 

The oscillator tube is tapped 
down on the coil for somewhat in- 
creased circuit stability. The out- 





Endoradiosonde, the transmitter-modula- 
tor-transducer that is swallowed, is a cap- 
sule 2.8 cm long and 0.9 cm in diameter 


put sawtooth of the free-running 
circuit is for a horizontal sweep 
voltage while the a-c shown repre- 
sents a local oscillator voltage. 

If the output of the radio is then 
used as a vertical oscilloscope sig- 
nal, the frequency, in general, will 
not be a linear function of the sig- 
nal position, but calibration is pos- 
sible since there is a reproducible 
correlation between the two. Sweep 
in both directions gives a double 
signal due to one form of hystere- 
sis observed in most nonlinear 
oscillatory systems.* Rather than 
cycling through the whole fre- 
quency band it is possible to use a 
related feedback arrangement to 
track the radio frequency either by 
maintaining a fixed frequency dif- 
ference between the transmitted 
and local frequency or by cycling 
through a small range about the 
transmitted frequency. Feedback 
voltage then indicates pressure. 

The transmitter is calibrated 
just before an experiment by ap- 
plying known temperatures and 
pressures. Pressure sensitivity of 
the device can be checked within 
the subject by applying changing 
atmospheric pressure. Feedback, 
in which the output pressure read- 
ing is always returned to a fixed 
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value by altering the surrounding 
pressure on the subject, is feasible 
for special observations. Calibra- 
ion is then not necessary since 
linearity and sensitivity do not 
enter (to first orders). Observa- 
tion would start at greater than at- 
mospheric pressure in the capsule 
and on the subject. The subject in 
this case should be accustomed to 
sudden pressure changes (such as 
a skin diver). The required sur- 
rounding pressure then measures 
the internal pressure. 


Further Applications 


Experiments are in progress to 
incorporate chemical analysis into 
such devices.” Any chemical reac- 
tion which is accompanied by re- 
versible mechanical expansion and 
contraction could be employed in 
conjunction with the  pressure- 
sensitive device. Certain ion-ex- 
changers swell and shrink, while 
other macromolecular compounds 
change their osmotic pressure, for 
changes in pH. Although the ac- 
curacy is low for such chemico- 
mechanical systems, their simplic- 
ity and reliability may make them 
useful for medical diagnosis. 

The use of an antimony electrode 
low-impedance pH _ sensor 
should receive further attention, 
particularly if one can be used 
without becoming coated and still 
work while biased to prevent dis- 
solution under all body conditions. 
A radioactive light source might 
allow the introduction of optical 
methods, and be much more effec- 
tive than a phosphorescent one. An 
exposed transister will telemeter 
light intensity and with the above 
could be used as a photometric pH 
transmitter. 

Invaluable help in construction 
by Lars Nordberg is acknoledged. 
This work was done while R. §S. 
Mackey was on leave from the Uni- 
versity of California on a Guggen- 
heim Fellowship. 
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Wireless Microphone 


UMMARY 


Transistorized wireless microphone operating at 460 kc, 


establishes induction field around transmitter within usable area without 


exceeding FCC radiation field limitation. Normal speaking voice produces 


peak f-m deviation of about 10 ke when used in lecture halls and 


auditoriums. Fixed f-m superheterodyne receiver recovers audio signal and 


feeds public-address or speech amplifier 


By G. FRANKLIN MONTGOMERY National Bureau of Standards, Washington, D. C. 


IRELESS MICROPHONES are 
WW vvetur in studio or lecture 
hall where the announcer or speaker 
must be able to move without being 
restricted by microphone cabling. 
The unit described here consists 
of a dynamic microphone with a 
self-contained wireless transmitter. 


Applications 


A fixed receiver, whose electrical 
output substitutes for the direct 
microphone output, is used to feed 
the public-address or speech pre- 
amplifier. Both the wireless micro- 
phone transmitter and the fixed 
receiver were originally developed 
for the main lecture auditorium 
at the National Bureau of Stand- 
ards. 


Wireless microphones commonly 


Wireless transmitter, worn as lavalier 
microphone, permits announcer to move 
freely in studio or lecture hall. Trans- 
mitter operation is controlled by switch 


use vacuum-tube transmitters and 
usually operate on a frequency 
within the vhf band. Vacuum-tube 
power drain often limits transmit- 
ter battery life to several hours. 
In addition, a troublesome bar to 
vhf operation is the FCC require- 
ment that the radiation from an 
unlicensed transmitter be limited 
to 15 microvolts/meter at a range 
of \/2z, where A represents wave- 
length. 


Specifications 


For a moderate distance between 
transmitter and receiver, a signal 
with an adequate signal-to-noise ra- 
tio may be impossible to transmit 
without exceeding the FCC speci- 
fication. The transmitter described 
in this article uses transistors to 


wr ee 
Interior view of transistorized microphone 
transmitter. Unit is compact and can be 


easily disassembled for repair through 
use of tier construction technique 


permit relatively long battery life 
and operates at 460 kc, a frequency 
at which an induction field can be 
established around the transmitter 
within a usable area without ex- 
ceeding the radiation field limita- 
tion. 


Transmitter 


The transmitter circuit diagram 
is shown in Fig. 1. Frequency 
modulation was chosen principally 
because of its inherent automatic- 
volume-control action. The trans- 
mitter radiates a signal directly 
from the tank circuit which con- 
sists of coil L,, wound on a ferrite 
rod. 

The radiated power, determined 
by the transmitter coil current and 
its radiation resistance, is about 
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FIG. 1--Circuit for wireless microphone 
transmitter. Operating at about 500 ke, 
transmitter radiates about 2.2 x 10 
watt directly from tank circuit 
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Fixed receiver for wireless microphone 
transmitter is vacuum-tube superhetero- 
dyne type 


2.2 x 10° watt. Power is delivered 
to the tank by Q, operating as an 
oscillator at 460 ke. 


Modulation 


Diodes D, and D, control the r-f 
current through a 100-puyf capaci- 
tor shunted across the tank. The 
direct diode current is controlled 
by the audio-frequency current de- 
livered to Q,. A change in this di- 
rect current produces an approxi- 
mately linear change in tank-cir- 
cuit susceptance. The oscillator is 
therefore frequency modulated by 
the audio signal. Transistors Q, 
and Q. are audio-frequency ampli- 
fiers for the microphone output. 

The coupling components were 
chosen to attenuate voice frequen- 
cies below about 700 cps. With the 
circuit shown, a normal speaking 
voice produces a peak deviation of 
about 10 ke. The totai battery 
drain is about 15 milliamperes, so 
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FIG. 2—Circuit for fixed receiver. Operating frequency of transmitter is converted to 50 kc by V2 and is amplified and limited by 
Vs and V;:. Audio signal is recovered after passing through low-pass filter. Peak audio output of receiver is about 0.5 volt 


that with the single mercury cell 
the battery life is about 150 hours. 

The vacuum-tube superhetero- 
dyne receiver is shown in Fig. 2. 
An r-f amplifier, V,, operates at the 
signal frequency of 460 ke. Penta- 
grid converter, V., converts the sig- 
nal frequency to 50 ke and the 
signal is amplified and limited by V; 
and V,. 

The output of stage V,, a variable- 
frequency square wave, is differen- 
tiated and rectified by the counting- 
detector diode D.. The audio signal 
is recovered by passing the diode 
output through a low-pass filter 
and amplified by V:. Peak audio 
output is about 0.5 volt. 


Receiver Unblocking 


Squelch action is provided by 
diode D, which rectifies the re- 
ceived signal and unblocks the 
audio output stage during opera- 
tion. This feature is useful in 
urban locations where the noise 
level is usually high. 

The f-m superheterodyne receiver 
consumes little power and uses low 
plate and screen voltages conse- 
quently the operating temperature 
is low and the components should 
have long life. 


Audio Response 


The overall audio-frequency re- 
sponse of the system from micro- 
phone input to the receiver output 
is shown graphically in Fig. 3. No 
audio-gain control has been in- 
cluded in the transmitter but a con- 


trol may be desirable to keep the 
deviation at maximum to compen- 
sate for differences in speakers. 
The maximum size of the receiv- 
ing loop depends on local noise field. 
A loop 5 meters square was used 
for this equipment. The loop could 
be made larger by using more 
transmitter power or by reducing 
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FIG. 3—Overall audio frequency response 
of transmitter-receiver system 


local noise such as that generated 
by electrical machinery. 


Shielding 


In noisy locations, it is helpful to 
use a shielded receiving loop made 
of small coaxial cable. One end of 
the inner conductor is connected to 
the ungrounded receiver antenna 
terminal, the other end of the inner 
conductor and the shield braid are 
connected to the ground terminal. 
At a point halfway around the loop, 
the outer braid is cut and stripped 
for a length of an inch or two. 
Shielding is effective in reducing 
electrostatic pickup from nearby 
noise sources. 


















































































































































































































Sonar installation on submarine USS Menhaden—Official U. S. Navy photo 


Modern Sonar 
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FIG. 1—Basic modern sonar systems 
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UMMARY -——\ New transducers and new electronic scanning and search- 


lighting techniques give increased detection ranges for both active and 


passive sonar, along with additional data on bearing, course, range-changing 


rate and type of vessel. Better understanding of sound propagation under 


water and of natural sea noises permits more effective use of sonar in anti- 


submarine and prosubmarine warfare as well as in commercial applications 


By JAMES A. RUMMELL 


Project Engineer, Pacific Division, Bendix Aviation Corp., North Hollywood, California 


SINCE THE ADVENT of higher-speed 
nuclear-propelled submarines, sonar 
has taken on new importance since 
it is in many cases the only possible 
means of detecting a submarine. 
As a result, sonar is extensively 
used in antisubmarine and pro- 
submarine warfare. It may also be 
used to determine the position of 
the vessel on which it is located by 
reference to known points, for un- 
derwater navigation. The Navy also 
relies upon sonar for underwater 
communication to assist in fleet 
operation. Commercially, sonar 


oo 
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finds extensive application in depth 
determination, fish location and to 
a lesser extent for bottom mapping. 


Sonar Systems 


As a result of its increased im- 
portance, several new objectives 
have been established for sonar sys- 
tems used in military applications. 
These include longer detection 
ranges, increased reliability of de- 
tection at a given range and the 
provision of additional bearing, 
course, range rate and _ type-of- 
vessel information about the target. 


Two general types of sonar sys- 
tems are regularly used in military 
applications. A passive system, 
shown in Fig. 1A, utilizes a direc- 
tional hydrophone to pick up acous- 
tic noise radiated from other ships. 
In the active system of Fig. 1B a 
burst of acoustic energy is released 
into the water from the transducer 
with the expectation of receiving an 
echo from a nearby ship. 

Passive systems are usually con- 
fined to use in submarines, since the 
submarine is capable of operating 
as an extremely quiet listening plat- 


January 3, 1958 — ELECTRONICS engineering edition 








13 


n 


ATTENUATION IN 0B PER KILOYARD 





= | 


for 
sou 
sys 
tag 
enc 


use 
hig 
gle 

rec 
ove 


rad 
son 
vel 
wat 
abo 
abo 
mal 


pul. 
are 
imr 
rec 
at 1 
sou 
ert 
cen 
in | 
ally 
azil 


ELE 





‘ed & 


us- 
ips. 
3 a 
sed 
cer 
an 


on- 
the 
‘ing 
lat- 














RADIAL SPOT VELOCITY ANGULAR VELOCITY CORRESPONDS 
1S ANALOG OF 1/; TO SCAN RATE, 
SOUND VELOCITY, 








FIG. 2—Sonar ppi display 
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FIG. 3—-Acoustic attenuation in sea water 


form to prevent masking of weak 
sounds by self noise. The passive 
system has the outstanding advan- 
tage that it does not reveal the pres- 
ence of the listener. 

Active systems are commonly 
used on surface ships to radiate 
high-level pulses of sound at a sin- 
gle frequency, so that echoes are 
received at a high enough level to 
overcome self noise. 

Display techniques suitable for 
radar are not directly applicable to 
sonar because of the relatively low 
velocity of sound propagation in sea 
water. Normally this velocity is 
about 4,800 fps, which requires 
about 1.25 seconds for sound to 
make a round trip of 1,000 yards. 

In scanning systems, acoustic 
pulses of from 6 to 36 milliseconds 
are transmitted omnidirectionally, 
immediately following which the 
receiving beam scans in azimuth 
at rates from 30 to 300 rpm. Since 
sound range periods are long, the 
crt trace spirals outward from the 
center of the ppi screen, as shown 
in Fig. 2. The receiving beam usu- 
ally makes hundreds of circular 
azimuth scans in a single sound 


Modern high-speed electronic scanning sonar system partly assembled 


Guide Atom Subs 


range interval, so that the spiral 
merges into a solid field. 

Underwater communication sys- 
tems utilize all possible techniques 
to reduce effective bandwidth, such 
as .clipped-speech single-sideband 
modulating an acoustic carrier. 
Such equipment permits effective 
voice communication to ranges of 
several miles with 100-watt power 
levels into the water. 


Sound Transmission in Water 

Water, particularly sea water, is 
far from being the ideal medium 
for transmission of any kind of in- 
telligence. Sound is propagated by 
longitudinal compression of water 
particles and this compressional 
vibration results in highly fre- 
quency-dependent propagation loss. 
Figure 3 shows a plot of propaga- 
tion loss with frequency. Attenua- 
tion increases rapidly with increas- 
ing frequency. 

A more troublesome and much 
more variable factor that enters 
into sound propagation in sea water 
is the existence of velocity gradi- 
ents which refract or, in some cases, 
reflect the sound from the desired 
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point-to-point path. Figures 4, 5 
and 6 show effects of salinity, depth 
and temperature on velocity. 

Temperature has the most ve- 
locity effect over the expected ex- 
cursion, yet in terms of percentage 
it is still small. Figure 7 shows the 
effect of a common thermal condi- 
tion, designated as a uniform nega- 
tive temperature gradient. Sound 
paths are refracted in the direction 
of lower velocity (temperature), in 
accordance with laws similar to 
those that govern optical ray theory. 
The condition shown in Fig. 7 will 
prevent sound introduced near the 
surface from reaching a distant 
point also near the surface. Tem- 
perature gradient variations occur 
with changes of location, time of 
day and season, although recent 
studies indicate that thermal condi- 
tions can be predicted more accu- 
rately than the weather. 

Figure 8 shows the effect of 
depth (pressure) on sound paths. 
The paths are deflected away from 
the higher velocity which occurs at 
higher pressures encountered at 
great depths. This effect and that 
of temperature often contribute to 
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Multistave cylindrical transducer used to 
form beam in scanning sonar system 
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FIG. 4—Effect of salinity on sound velocity 


a shadow zone resulting from the 
pressure-produced upward bending 
combining with downward ther- 
mally caused bending. This shadow 
zone is shown in Fig. 9. A sub- 
marine in either of the shadow 
zones would probably be undetected. 


Deep Sound Channels 


The upward bending resulting 
from pressure and the counteract- 
ing downward bending effect result- 
ing from lowered temperature at 
increasing depths produces an in- 
teresting phenomena known as the 
deep sound channel. Figure 7 
shows the sound beam bending 
downward with decreasing tempera- 
ture. Velocity also increases with 
depth since increasing pressures 
tend to produce upward bending. 

In many conditions near the sur- 
face the decreasing temperature 
effect overcomes the opposite pres- 
sure effect and therefore the sound 
beam is bent downward as shown 
in Fig. 9. At great depths (several 
thousand feet) the water assumes 
the temperature of maximum den- 
sity, 4 deg C. At this point, since 
there can be no further temperature 
gradient, the positive pressure 
gradient effect takes over and de- 
flects the beam upwards where it 
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reenters warmer water. Here it is 
refracted downward by the negative 
thermal gradient to form a sound 
channel, as in Fig. 10. 

This deep sound channel exists in 
almost all deep ocean areas. Sound 
which enters this channel is trans- 
mitted with a minimum of spread- 
ing loss so that long ranges can be 
obtained if this channel can be used. 
Due to its great depth it is of lim- 
ited usefulness. 


Maximum Range for Sonar 


In addition to the above limita- 
tions, sound spreads by square-law 
relationship (except in sound chan- 
nels) like other forms of radiation, 
so that, for an echo ranging system, 
spreading loss is proportional to the 
fourth power of the distance from 
the detecting ship to the target. 
The combined effect of frequency 
and spreading loss for four fre- 
quencies is shown in Fig. 11. For 
echo ranging systems, the loss for 
a given range is double that shown. 
Long-range propagation is thus not 
to be expected with the higher 
acoustic frequencies. 

For a sonar system to be effec- 
tive, the sound pressure level pro- 
duced by the target at the receiving 
hydrophone must be above the am- 
bient noise in the bandwidth used. 
The level of sea noise is frequency- 
dependent and is shown by curves 
of Fig. 12. Sea noise rises with de- 
creasing frequency at a rate of 
about 5 db per octave. This in- 
creased sea noise often overcomes 
the advantages of lower transmis- 
sion frequency. Self noise produced 
by the sonar carrying vessel gen- 
erally increases at about the same 
rate or faster. 

Sea animals also contribute to 
the ambient noise level. Dolphins 
following near a_sonar-equipped 
ship will often sound like a pack of 
hounds about to tree a fox, whereas 
some other animals use sonar sys- 
tems to locate their prey. Certain 
types of shrimp produce sounds 
comparable to that of a large num- 
ber of chains being banged violently 
together. Many of these noises are 
broadband and are intense relative 
to a weak echo from a distant target 
ship so they will often mask echoes. 

Generally speaking, circuitry 
used in sonar equipment is similar 
to that used in other electronic 


equipment.™The greatest difference 
lies in the hydrophone or trans- 
ducer which converts sound energy 
into electrical energy or vice versa. 
Quartz and adp crystals have been 
used, but magnetostrictive metals, 
mainly of the nickel family, are by 
far the most common material used 
today. Barium titanate ceramic is 
being used in increasing quantities 
because it can be molded in many 
forms, involves no critical mate- 
rials, is inexpensive and lighter in 
weight than nickel alloys. 

Both ceramic and magnetostric- 
tive elements require suitable isola- 
tion of unused radiating surfaces 
to achieve efficiency. Transmit or 
receive efficiencies of 25 to 30 per- 
cent are achieved with either. 

The nickel element is polarized 
by a permanent magnet. The ce- 
ramic element is polarized by ap- 
plication of high voltage during 
manufacture, after firing. The ce- 
ramic element receives its electrical 
exciting signal (or delivers an out- 
put) from the fired-on silver coating 
on the inside and outside surfaces. 


Arrays 


Almost all sonar transducers or 
hydrophones are made up of a num- 
ber of elements to provide the beam 
width and the required directivity. 
Typical transducers used in scan- 
ning systems provide beams 12 to 
15 deg wide at —6 db points in both 
planes. A pattern plotted in a sonar 
test tank is shown in Fig. 13. 
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FIG. 5—Effect of depth on sound velocity 
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FIG. 6—Effect of temperature on velocity 
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FIG. 7—Sound transmission in uniform negative gradient in water 


In many applications, the size of 
the transducer has limited the low- 
est frequency at which effective 
active sonar operation is possible. 
The pattern shown requires a trans- 
ducer with an active face about 7.5 
inches in diameter at 50 ke. At 10 
ke the size will increase to 36 inches 
and at 2 ke the diameter will be 
15 feet. These larger sizes may be 
entirely unacceptable for mounting 
on the underside of a ship so are 
often ruled out for this reason. 


Scanning Transducer 


The scanning sonar system, 
which provides essentially omni- 
directional azimuth coverage, re- 
quires a cylindrical transducer. A 
typical magnetostriction scanning 
transducer for submarine installa- 
tion is shown in section in Fig. 14. 
If all elements are excited in phase, 
the beam pattern is_ essentially 
omnidirectional in the horizontal 
plane. The vertical beam pattern is 
determined by the ratio of height to 
frequency. Transmitting directivity 
index for this type of transducer 
will range from 8 to 12 db. 

The receiving beam, which is 
continuously scanned in the hori- 
zontal plane, is formed by using 
one-third of the total elements to 
form any one beam. The transducer 
shown contains 60 vertical rows or 


FIG. 8—Sound transmission in uniform-temperature sea water 





Barium titanate and magnetostrictive transducer elements (upper left), typical searchlight 
transducer using ceramic elements (lower left) and typical searchlight transducer using 


magnetostrictive elements (right) 


staves, with each stave being made 
up of eight magnetostrictive piston 
elements. Beam forming is accom- 
plished in this cylindrical-type 
transducer by use of a beam-form- 
ing delay line which delays the elec- 
trical signal from the forward ele- 
ments to produce a composite signal 
equivalent to a plane array, as in 
Fig. 15. This basic design repre- 
sents the most popular shipboard 
transducer in use today. 

Passive systems, which listen for 
noise produced by the target vessel, 


are effective in detecting typical 
surface ships from a quiet sub- 
marine platform. Generally, such 
systems have an adjustable, wide 
bandwidth, the center frequency of 
which adjusts over the audio range 
and slightly above. The hydrophone 
may be highly directional at the 
upper end of the band. By careful 
circuit design the bearing of tar- 
gets may be accurately determined. 
Range information is not normally 
available from this type of gear. 
Active systems, usually used on 

























































TEMP IN DEG F RANGE IN YAROS _ 
70 -6° -2° 1,000 2,000 3,000 4,000 
Oo AXIS OF 
+ 5,000 DEEP SOUND 
CHANNEL 
i i 4a] re axis OF 
w SHA Ww. 
2 100-+ = 10.000 SOUND 
2 OUTER CHANNEL 
= SHADOW La 
= a ZONE © 15,000 K+—_-—_——_-—_\— 
&, 200-4 YY} GUM. 
W// py Vis hy 
6 INNER Yi Yj or tom/7/j Yj aor Wy 
SHADOW ° ’ 4 , 
a CONE ee “4 4850 4950 5050 O 20 40 60 80 
VELOCITY OF SOUND 
60 IN FT PER SEC RANGE IN KILOYARDS 














FIG. 9—Sound transmission conditions producing shadow zones 
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FIG. 10—-Formation of deep sound channel in ocean 
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FIG. 11—Acoustic propagation loss 
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FIG. 12—Sea noise spectrum level 


surface ships, are often seriously 
range-limited by ship’s self noise. 
Therefore, the bandwidth is made 
as narrow as possible consistent 
with the echoes to be received. Fre- 
quency shift of the reflected trans- 
mitted signal resulting from target 
and own ship’s doppler may be sig- 
nificant, since the velocities of ships 
and submarines is a _ significant 
fraction of the velocity of sound. 
For example, doppler bandwidth for 
a relative range rate of +20 knots 
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FIG. 14—Typical scanning sonar trans- 
ducer as used in AN/BOS-2 sonar 
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FIG. 15—Beam formation in cylindrical 
sonar transducer 


is 1,400 cps at 50 ke, 700 cps at 25 
ke and 70 cps at 2.5 ke. The usual 
requirements for bandwidth due to 
pulse length apply -but doppler is 
usually the largest factor and be- 
comes. increasingly important as 
target speeds increase. 

Audio presentations, where echoes 
are usually heterodyned to a zero 
doppler frequency of about 800 cps, 
are an essential part of any sonar 
system because of the unique ability 
of the human auditory system to 
identify a frequency-shifted signal 
in a reverberation background or 
from noise background. Here ppi 
displays are used to read range and 
bearing of the target. 


The combined effect of all of 
these factors, which include propa- 
gation loss (spreading and water 
absorption), doppler-required band- 
width, noise increase with decreas- 
ing frequency and transducer loss 
of directivity index with decreasing 
frequency (transducer size is held 
fixed), is shown in Fig. 16. This 
chart compares performance be- 
tween two systems operating with 
the same size transducer at frequen- 
cies of f and 2f. 

Other factors being equal, a de- 
tection range improvement can be 
expected by operating at the lower 
frequency f. This chart does not 
take into account other factors, 
such as degradation of bearing res- 
olution, which may occur at the 
lower frequency. For a given trans- 
ducer size, there is an optimum fre- 
quency of operation for a given 
maximum detection probability at 
a given range. This frequency may 
be calculated using a series of com- 
parisons as represented by Fig. 16. 


Typical Sonar Equipments 


Electronic design of sonar equip- 
ment is straightforward but input 
circuits present some special prob- 
lems. Many sonar equipments are 
capable of threshold operation at an 
acoustic noise level corresponding 
to zero sea state, so that at no time 
in normal operation is the equip- 
ment self noise limited. This usu- 
ally requires operating near the 
thermal noise level of the input 
circuit, which necessitates care in 
selecting tube types and input cir- 
cuit impedance. 

Figure 17 is a simplified block 
diagram of one type of sonar equip- 
ment which displays target bearing 
as angular displacement from the 
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FIG. 13—Typical transducer beam pattern 
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FIG. 16—-Comparative sonar performance at frequencies one octave apart 
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FIG. 17—Phase-comparison bearing-indicator sonar system 
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FIG. 18—Typical scanning sonar system 


center-bearing line of the trans- 
ducer. Range is indicated as the 
distance from the origin of the 
sweep time base. The input signals 
are derived from an electrically- 
split searchlight transducer. The 
phase difference between the volt- 
ages from the two halves varies 
from zero degrees when the target 
is on center bearing to 180 degrees 
when the target is on the bearing 
of the first null of the transducer. 
This type of display offers the ad- 
vantage of high bearing resolution 
without requiring a large trans- 
ducer to produce a narrow beam. 


Scanning Sonar 

Figure 18 is a simplified block 
diagram of a typical scanning sonar 
which is most commonly used in 
general-purpose military applica- 
tions. A cylindrical transducer is 
used. .During transmission, t-r re- 
lays connect all the transducer 
staves together and to the trans- 
mitter output. The transmitter is 
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keyed on for pulse lengths from 6 
to 80 milliseconds. The resultant 
transmission pattern is omnidirec- 
tional in azimuth. 

At the end of transmission the 
transmitter is disconnected from 
the staves and received echo sig- 
nals are applied to separate stave 
preamplifiers which raise the re- 
ceived signal well above thermal 


noise level. To provide uniform 
scanned receive beam coverage, 48 
vertical staves are used in the ex- 
ample illustrated. 

The output of each of the 48 
preamplifiers feeds one of the in- 
sulated sector-shaped capacitor 
plates which is part of the stator 
of a rotating capacitor. These fixed 
plates are represented by the outer 
circle of 48 plates shown in Fig. 19. 
There are also 48 sectors on the 
rotor which are _ continuously ~ 
scanned in close proximity to the 
stator plates at 30 rpm in the sys- 
tem represented. 

Sixteen adjacent rotor plates are 
used to feed taps on the beam- 
forming delay line which is part 
of the rotating assembly. The re- 
maining 32 rotor plates are 
grounded. Therefore, at the slip 
ring brush, a voltage appears which 
corresponds to a scanned receive 
beam which covers the entire azi- 
muth plane 30 times a second. 

Following the scanner output, 
further amplification and filtering 
is applied. In accordance with in- 
formation theory, the scanning 
process increases the required band- 
width. After conversion to an i-f 
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FIG. 19—Circuit of transducer scanner showing capacitive coupling technique 
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FIG. 20—Transducer stave preamplifier arrangement feeding beam-forming line 


value the signal is amplified by 
several stages, detected to form a 
video signal and applied to the in- 
tensity-modulating grid of the ppi 
cathode-ray tube. 

Circular sweep is provided from 
a three-phase generator driven 
from the mechanical scanner. The 
d-c field of the generator receives a 
slowly-rising d-c voltage corre- 
sponding to a linear time base 
sweep. The spot then describes a 
tight spiral which makes one revo- 
lution per scan and gradually in- 
creases in diameter corresponding 
to sound range. This provides a ppi 
display which is similar in appear- 
ance to the ppi radar display. 


E lectronic Scanner 


To overcome the limitations of a 
mechanical scanner, several other 
effective systems have been used. 
The AN/BQS-2 submarine sonar 
utilizes a 60-stave cylindrical trans- 


ducer. Transmission is accom- 
plished as in the preceding system. 
Twenty of the staves are used to 
form a single receiving beam. A 
preamplifier for each stave is used, 
but each output feeds 20 of a total 
of 60 beam-forming delay lines so 
that 60 preformed beams result. 
These 60 beams are continuously 
in existence, as opposed to the me- 
chanical scanner system in which 
only one beam is formed as the 
azimuth plane is scanned. 

Two typical preamplifiers, V,, 
and V,s, are shown feeding parts 
of a beam-forming line in Fig. 20. 
Each beam-forming line is fed by 
a total of 20 such preamplifiers. The 
composite beam output is obtained 
from the end of each line and fur- 
ther amplified by V. or V;. 

The outputs of the 60 beam- 
forming lines are _ successively 
scanned by a diode rotor which con- 
sists of 60 diodes, which all have 
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FIG. 21—Circuit of electronic scanner, sometimes called diode rotor 
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their cathodes tied together and to 
an amplifier. Such a diode rotor is 
shown in Fig. 21. The plates of the 
30 6AL5 tubes connect to their re- 
spective beam outputs and to a pulse 
signal tap on the beam-switching 
delay line. This line is electrically 
the length of one scan or one revo- 
lution, which in this case is 3,333 
microseconds for 300 scans per 
second. 


Delay Line Output 


The five-part delay line has 59 
taps to provide a total of 60 output 
points, at each of which a voltage 
pulse appears serially and delayed 
from the preceding one by 1/60th 
of a scan revolution. Each of 60 
beams is thus switched on for about 
1/60th revolution, once per revolu- 
tion or 300 times per second. Thus, 
scanning is serially accomplished 
of each of the 60 preformed 
beams. The triode output amplifier 
(412AX7) following the scanning 
function increases the signal level, 
after which it is applied through 
a triode detector to the video system 
to provide trace brightening of tar- 
get echoes. 

Circular sweep voltage is ob- 
tained from the beam-switching 
delay line. The switching voltage 
is filtered to remove harmonics that 
were required to form the correct 
switching pulse wave shape, before 
being used to provide scan voltage 
for the cathode-ray indicator. 

Acknowledgement is extended to 
D. M. Sherwood and W. S. Leitch 
of Bendix Pacific for their help and 
encouragement in gathering mate- 
rial for this article. 
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FIG. 1—Control system for overhead 
crane operation consists of a tape re- 
corder, frequency generator and fre- 
quency-selector panels and a _ control 
panel to provide automatic operation 


FIG. 2—Eight preset frequencies in fre- 
quency generator are fed to the recorder 
for preparation of automatic operation or 
directly to freq y-selector for manual 


operation of overhead crane 
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Tones Control 
Overhead Crane 


UMMARY —— Eight preset frequencies or tones activate selector relays 


which operate crane motor contactor equipment. Sequence of preselected 


operations recorded on magnetic tape is repeated by traveling crane during 


playback. For complicated sequence of movements tapes can be prepared by 


computer. 


Positioning accuracies of better than 


in. can be maintained 


over many hours of automatic or manual operation in any sequence 


By G. V. SADLER Vaughan Crane Co., Ltd., Manchester, England 


UTOMATION and high labor costs 
have encouraged the develop- 
ment of automatic control gear for 
overhead traveling cranes engaged 
in repetitive duties. In the storage 
and removal of bulk materials; coal, 
ash and phosphates; the handling 
of pulp for paper making and the 
transfer of semifinished materials 
into and out of machine tools for 
processing, the crane operator fre- 
quently works on a cycle of opera- 
tions which is repeated periodi- 
cally for equal-capacity loads. 
This article describes a new con- 
trol system using frequency con- 
trol of selector relays which operate 
the crane drive-motor contactors. 
A stockyard containing drums of 
chemicals is serviced by an over- 
head crane, whose function is to 


load drums on railroad cars or a 
conveyor. Drums stored in various 
positions in the yard and contain- 
ing the same material must be 
loaded periodically. Lifting tongs 
make a load slinger unnecessary. 
Six crane motions involved are up, 
down, traverse-to, traverse-from, 
travel-to and travel-from. 


Operating Sequence 


The six-pushbutton control panel, 
located on ground level adjacent to 
the crane gantry structure, permits 
a sequence of preselected opera- 
tions to be recorded on magnetic 
tape. During playback of the tape 
the sequence of movements is re- 
peated by the crane as often as 
required. Different recordings are 
made to handle different drums. 
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Control equipment shown in the 
block diagram of Fig. 1 consists 
of a frequency generator panel, a 
remote-control panel, a frequency- 
selector panel and a tape recorder. 
A block diagram of the frequency- 
generator and selector units is 
shown in Fig. 2. 

Eight preset frequencies or tones 
are available for single selection 
from the frequency’ generator 
through control-box pushbuttons. 
A selected cycle of motions is ob- 
tained by which frequencies are 
chosen by the frequency selector 
to operate the relays and crane 
contactors. Oscillator circuit values 
are given in Table I. The opera- 
tion sequence tones are recorded 
on tape. With playback to the se- 
lector, the crane initiates the origi- 
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nal set of functions as recorded. 

The process can be repeated as 
often as desired. Using only two 
connecting leads, the frequency se- 
lector combination allows remote 
control of a number of relays or 
contactors. 


Frequency Generator 

The circuits for the frequency 
generator and the frequency selec- 
tor units are shown in Fig. 3. It 
is necessary to change over the 
recorder leads X and Y and open 
switch Z when transferring from 
recording to playback. 

Preset frequencies are generated 
in the frequency generator by an 
R-C phase-shift oscillator. A fre- 
quency-preset potentiometer allows 
precise adjustment of the oscilla- 
tor to a standard frequency and 
the amplitude preset potentiometer 
varies the output sine wave. 

Duplicate small plug-in circuits 
provide eight preset frequencies. 
The output of the oscillators are 
combined in the grid circuits of 
the cathode follower stages for 
separate matching to the frequency 
selector and tape recorder. Indi- 
vidual output amplitude controls 
are available. 


Frequency Selector 
The grid circuit of each of the 
eight filter relay amplifiers com- 
prising the frequency selector has 
a high-Q L-C network resonant to 


Table I—Values of R-C Network 
for Each of Eight Frequencies 


















































Chas- | | | 
sis Frequency} C; | C2! Cy\ Ri! Rel Ra| Re 
No |_ incps in wuf 1,000 ohms 
1 | 270 | 460 460 390 135 270 560,1,000 
2 | 1,600 |220 220 100 135 100 270 ~ 270 
a 450  |390 303 270,195 560 560 1,000 
4 | 2,600 |127 100] 68/135, 100 270] 270 
5 700 |460 290 330,135 270 270| 270 
6 | 3,800 | 68| 68| 78,100,100 270) 270 
7 | 1,080 330 270 270 100 270 270 ~ 270 
8 | 4,500 100 68) 25/100 47,270 270 














one geherator or recorder input 
tone. The resonant voltage is recti- 
fied and applied in opposite polarity 
to the negative voltage selected by 
the relay trip preset potentiometer. 
One of the tubes conducts and the 
relay connected in the plate circuit 
is energized. Indicator lamps reg- 
ister the operation of relays and 
special circuits and provide a reg- 
ulated +150-v and —105-v d-c sup- 
ply with reference to chassis. 

Although only six tone sources 
are needed for crane operation two 
or more sources may readily be 
added to accommodate lifting mag- 
nets or other equipment. One tone 
source energizes and the other de- 
energizes the magnet. If an aux- 
iliary hoist motion is needed, two 
additional tone sources may be 
provided. 
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FIG. 3—Variation of R-C networks in the grid circuit of phase-shift oscillator in frequency 


generator provides eight tones hence eight crane movements 


64 


















































An operating control panel for 
a three-motion crane fitted with 
a lifting magnet is illustrated in 
Fig. 4. At the top of the panel 
are 16 pushbuttons. Eight provide 
the initial manual setting of a se- 
ries of crane motions. The remain- 
ing eight directly connect to the 
crane contactor gear, mounted at 
the bottom of the panel, to assure 
direct manual operation of the 
erane if required. These buttons 
may also be used for discrepancy 
correction during an automatic set 
of operations. 


Tape Speeds and Lengths 


Tape choice depends on the crane 
duty cycle and working conditions. 
A process cycle for industrial han- 
dling can often be accommodated 
within a 20-minute period. 

An industrial recorder, with tape 
speed of 3? ips provides a one-hour 
record and requires rereeling. Al- 
ternately, a continuous tape may 
be used which repeats a 20-minute 
program as often as desired. 

Signal reproduction was found 
to be satisfactory at 3? ips except 
at tone frequencies above 4 ke 
where a speed of 7 ips is more 
reliable. Since all tone sources used 
are audible, the quality of the re- 
production may be monitored on 
a loudspeaker. Signal strength can 
similarly be checked during record- 
ing by adjusting the gain control. 


Accuracy and Feedback 


A crane, fitted with a lifting 
magnet and controlled by the meth- 
ods described, has satisfactory posi- 
tional accuracy over long periods 
with signals on a time base only. 
Under automatic control a program 
must be started and finished with 
the crane hook in the same posi- 
tion relative to the crane and its 
gantry track. This is done by in- 
suring that the last manual move 
of a preset program causes crane 
and hook to stop by their own limit 
switches at the top of hook travel 
and at the end of bridge travel. 

After a crane is broken in, gears 
and bearings have lost their initial 
stiffness and brake linings are well 
bedded, accuracies down to 4 in, 
satisfactory for many crane duty. 
cycles, can be maintained on all 
motions for many operating hours. 

Since frictional resistance varies 
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FIG. 4—Operating control panel for three-motion crane with 
lifting magnet has 16 pushbuttons at top of unit 


with ambient temperature, - the 
wear on brake linings increases at 
the point at which a crane hook 
comes to rest after the brake is 
deenergized. On the hoist motion 
of a crane a synchro, operated by 
a light steel wire attached to the 
crane hook through gearing, is 
added. Inaccuracies resu]ting from 
load rope stretch which would be 
evident if the synchro were driven 
directly off the crane rope barrel 
are overcome. Correcting signals 
for positioning are then superim- 
posed on the recorded program for 
the hoist motion by feedback. 


Traverse and Travel 

Although a synchro drive may be 
used for traverse and travel mo- 
tions, another method uses a 
strained wire of resistance ma- 
terial stretched along the crane 
track. The wire passes through a 
ground point on the crane and 
forms one leg of a bridge circuit 
used for impulse correction relative 
to position. 

This system is particularly suit- 
able for cranes provided with eddy- 
current coupling drives in balance. 
Smooth deceleration feature of this 
drive greatly increases the stability 
of the system and eliminates a 
tendency to hunt. 

Controlled acceleration and de- 
celeration are advantages for ac- 
curate positioning. 
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Magnetic tape is not the only 
method of initiating control signals 
to the frequency selector equip- 
ment. In fact, when feedback cir- 
cuits are added, the initial pro- 
gramming by manual control can 
be eliminated. A simple set of 
crane movements can be designed 
to meet a particular need and coded 
for reproduction on punched tape. 
The tape is used as the signal 
transmitter to the frequency selec- 
tor panel. 

A more complicated sequence of 
crane movements including such 
variables as different types and 
weights of loads, times and speeds 
can be analyzed and fed into a com- 
puter. The integrated record is 
then produced on magnetic or 
punched tape and fed into the fre- 
quency selector circuit thereby ex- 
tending automatic crane uses. 


Two Wire Control 

The frequency control system is 
easily adaptable to the operation of 
remote controlled cranes without 
including the automatic equipment. 
Remote manual control from a fixed 
position at ground level normally 
needs a large number of conductors 
carrying motor and switch circuits 
to the machine concerned. 

Where great lengths make use of 
flexible suspended cables impracti- 
cal, circuits must be transferred 
through bare conductor wires or 














































Operator adjusts recorder for playback of automatic sequence. 
Control panel bushbuttons allow manual intervention 


bars to the crane itself. A normal 
three-motion crane needs 24 such 
conductors including the _limit- 
switch circuits. 

By using frequency control be- 
tween control point and crane the 
number of conductors is reduced to 
the two d-c or three a-c power feeds 
to the crane, plus two frequency- 
control wires. Frequency selector 
relays are mounted on the crane. 
If site conditions are suitable, a 
grounded return can be used in 
place of one of the control wires. 


The Chess Crane 


As a demonstration of automatic 
control, a three-motion overhead 
traveling crane fitted with a lifting 
magnet played a game of chess. 

A large full-scale chess board 
was placed under the crane and a 
set of chess pieces, each topped by a 
suitably shaped steel disk or bar, 
was provided. Heaviest of the tim- 
ber pieces was a 15-lb king; the 3- 
lb pawn was lightest. The steel 
pole pieces drop off infallibly when 
the magnet is deenergized. 

A full game occupied 30 min 
and allowed white to win in 29 
moves. Every move was manually 
prerecorded on the tape and the 
crane was operated by pushbutton 
controls. The pushbuttons operate 
the crane through the tuned relay 
circuits, and all signals were simul- 
taneously tape recorded. 


















UMMARY 





Transistor Reflex Circuit 


Four transistors in portable radio do the work of five as 


second i-f stage doubles as audio amplifier. Direct-coupling an npn reflex 


stage to a pnp output amplifier effects further savings with elimination of 


one transistor, five resistors and one electrolytic capacitor. Four flashlight 


dry cells supply all power. 


By ERICH GOT rLIEB Application Engineer, General Blectric Company, Syracuse, New York 


HROUGH REFLEX circuitry a 6-v 

4-transistor radio can dupli- 
cate at lower cost the performance 
of a 5-transistor radio having a 
200-uv/m sensitivity and a power 
output of 50 mw at 10 percent dis- 
tortion. The radio uses standard 
transistors and has no more play- 
through and distortion than the 
average receiver. 

Electron-tube reflex radios were 
fairly common in the United States 
and Australia in the pre-World 
War II era and are still in com- 
mercial use in Australia. These 
receivers suffer from serious dis- 
tortion. and high playthrough, al- 
though the advent of remote-cutoff 
tubes and the use of low a-f plate 
load resistors have provided a con- 
siderable improvement. Now the 
development of transistors has re- 
awakened the industry’s interest in 
such a receiver since there is no 
longer a filament feedthrough prob- 


sistor is still incentive enough to 
warrant a closer look. 


Characteristics 


The diagram of one such receiver 
is shown in Fig. 1. The output 
stage is a single-ended class-A cir- 
cuit operating at 23 ma collector 
current with a collector-to-base 
voltage of about 4.5 v. The d-c dis- 
sipation is about 100 mw. Using a 
commercial output transformer 
this circuit will give 50 mw maxi- 
mum power output at 10 percent 
distortion and 40 mw with less 
than 5 percent distortion. The bias 
and temperature stability is ade- 
quate to permit the 2N241A to per- 
form acceptably up to 55 C ambient 
temperature without danger of 
damaging the transistor. 

The driver is part of the reflex 
system, but it can be treated sepa- 
rately since there is little interac- 
tion between audio and i-f loads. 
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FIG. 1—Schematic of four-transistor reflex portable radio using six-volt supply 
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FIG. 2—Audio function of reflex circuit 
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FIG. 3—Overall audio response curve 


pendent of collector voltage within 
the 3 to 12-v range and a relatively 
large collector resistor therefore 
affects i-f gain little from a d-c 
standpoint. This audio load must 
be bypassed for i-f signals. The 
i-f load is essentially a short circuit 
at audio frequencies, thus permit- 
ting the use of a split input and 
output load. 

The audio signal is taken off at 
the volume control by C, and ap- 
plied at the base of the 2N169 
which is used as a combination 
audio driver and second i-f ampli- 
fier. The audio function alone is 
detailed in Fig. 2. The additional 
gain of this reflex circuit over a 
conventional circuit is basically the 
audio power gain of the R-C 
coupled amplifier, which is approxi- 
mately: Pz = hy (R,/hi). 
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FIG. 4—Equivalent circuit of detector 


Since both R, and h,, are some- 
what fixed by i-f overload consider- 
ations the best gain can be obtained 
with high h,., which is 50-200 in 
the 2N169. This transistor also 
has a narrow h,, spread.’ The 
audio sensitivity at the volume con- 
trol is essentially the same as in a 
5-transistor R-C coupled radio. 
Overall audio response is shown 
graphically in Fig. 3. 


Detector and Second I-F 


In the detector stage a slightly 
forward-biased diode operates out 
of the square-law detection portion 
of the I-E characteristics. This 
stage is also used as source of age 
potential, derived from the filtered 
portion of the signal as seen across 
the volume-control detector load. 
This potential is proportional to 
the signal level and is applied 
through age filter network R, and 
C, to the base of the first i-f tran- 
sistor so as to decrease collector 
current at increasing signal levels. 
The operating point of the first i-f 
stage is chosen at 0.6 ma to obtain 
almost optimum gain at a point 
where it takes little power to get 
maximum ave action. 

The second i-f stage is conven- 
tional, with the operating point at 
1 ma collector current. This rep- 
resents about maximum gain for 
relatively small supply current. 
Two important changes, however, 
stem from its use as a reflex stage. 
The first is the large emitter by- 
pass capacitor C,. This bypasses 
R, in the emitter both for i-f and 
audio and must therefore have low 
impedance at both frequencies. 
Second and more important is the 
choice of i-f transformer. With a 
supply voltage of 6 v, an operating 
point of 1 ma and a total emitter 
and collector load resistance of 
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Compact superheterodyne receiver made by Westbury Electronics uses four transistor 
reflex circuit to get five transistor performance 





FIG. 5—Detector waveforms at various levels of signal and modulation. No distortion 
occurs at medium signals with 30-percent modulation (A) and 60-percent modulation (B). 


Other patterns show clipping or regeneration 


1,500 ohms, the remaining col- 
lector-to-base voltage is only 4.5 v. 
At high signal levels the peak-to- 
peak a-c swing may approach this 
value and the resulting clipping 
causes distortion and regeneration. 


Overload Considerations 

Playthrough, minimum volume 
effect and overload have a common 
cause in a transistor reflex set. 
The peak-to-peak signal in the col- 
lector will tend to exceed the ap- 
plied d-c potential, causing clipping 
in high signal level stages when op- 





erating at low supply voltages. 
The equivalent classical detector 
circuit is shown in Fig. 4. The di- 
ode (base-to-collector) is back- 
biased appreciably and thus will 
operate only at high signals. When 
it does, the modulation envelope is 
affected in the following sequence. 
When clipping first occurs there is 
a squaring of the envelope accom- 
panied by an apparent increase in 
percentage of modulation as shown 
in Fig. 5C. In a reflex set. regener- 
ation occurs next as seen in Fig. 
5D. As input is further increased 
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FIG. 6—Severe bend in avec characteristic 
is necessary to avoid signal clipping 
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FIG. 7—Grounded-emitter configuration of- 
fers greater gain in broadcast band 


the modulation is affected in a com- 
pression-like manner giving the ap- 
pearance of a decreased modulation 
percentage as in Fig. 5E and 5F. 

As the input signal is increased 
still further the envelope is com- 
pressed nearly to the point of com- 
plete elimination of the modulation. 
As a result of such severe overload- 
ing little or no audio at all is seen 
at the detector. This condition is 
not a result of reflexing but can be 
found in any transistorized radio 
without auxiliary or multiple stage 
ave. In reflex circuits, however, 
another problem arises from this 
clipping. 

Referring again to Fig. 4, the 
clipped and thereby detected signal 
appears across the same a-f load 
resistor as the normal feedback 
signa]. Since both are in phase, re- 
generation occurs at high signal 
strength as in Fig. 5D. 

The limiting factors in terms of 
clipping are the supply voltage and 
the i-f load impedance. If the latter 
were low, more power would be re- 
ceived at the output stage before 
i-f clipping, thus delaying this 
clipping to a larger signal input. 

Desirable design criteria in this 
radio thus require that no i-f clip- 
ping occur before the audio stage 
obtains enough drive to produce 
maximum output. At that moment 
the ave should take over radically 
and keep the signal from becoming 
large enough to cause clipping in 
the output i-f transformer. Thus 
high audio system gain, a supply 


¢ 





68 


voltage as high as possible, a low- 
impedance i-f transformer and an 
excellent ave system are the in- 
gredients of the successful applica- 
tion of reflex circuits to transistor 
radios. 

The audio gain in this radio is 
the gain of the reflex driver plus 
the: gain of the class-A output 
stage. It is quite adequate and 
about 60 db. The supply voltage is 
fixed at 6 v, the reflected imped- 
ance of the i-f transformer is only 
about 3,600 ohms and auxiliary ave 
gives adequate performance. 


First I-F, AVC and Converter 


The first i-f stage is conven- 
tional. In the operation of the 
auxiliary ave a diode is connected 
to the primary tap of the first i-f 
transformer, where the d-c po- 
tential is fixed at 5.75 v by the 
stable operating point of the con- 
verter transistor. When tied to the 
d-c load of the first i-f stage at the 
top of R,, this diode has about 0.75- 
v reverse bias and wil! thus appear 
as a high impedance. As the signal 
level at the detector creates an age 
potential the collector current of 
the first i-f stage drops and the 
voltage at R, rises. At high signal 
level this d-c voltage approaches 
6 v, thus forward-biasing the diode. 
The resulting low impedance 
shunts 7, and thereby reduces the 
gain at this point. The ave char- 
acteristic is shown in Fig. 6. 
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FIG. 8—Lesser slope of grounded-base 
power-gain characteristic assures better 
linearity over operating frequency range 
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FIG. 9—Circuit modifications for direct 
coupling of output audio amplifier 
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In the converter stage the mixer 
operates in the grounded-emitter 
configuration for optimum gain. 
The oscillator operates in the 
grounded-base configuration since 
more linear gain over the fre- 
quency band can be obtained. The 
reasons for this choice can be seen 
in Fig. 7 and Fig. 8. Gain superior- 
ity of the common-emitter (over 
the common-base) configuration in 
the broadcast frequency range is 
apparent. The common-base con- 
figuration has a lesser slope, how- 
ever, and will give more linear gain 
over the band. 

The bias stability factor is ex- 
pressed as (1/R;)/(1/R. + 1/R,) 
and in this case is 4. This permits 
the replacement of the converter 
transistor without great variation 
of operating point. The oscillator 
will function down to one-half the 
supply voltage without appreciable 
frequency shift. 


Direct Coupling 

The advantages of the reflex 
radio are savings in size and cost 
since three resistors and one tran- 
sistor have been eliminated. Fur- 
ther economies can be effected by 
the use of an npn transistor driv- 
ing a pnp unit, which lends itself 
well to the application of direct 
coupling. As shown in Fig. 9, C;, Ri 
and R,, have been completely elimi- 
nated and the base bias voltage of 
the output transistor derived from 
the drop across R,. This voltage is 
fixed since the relatively good 
stability figure of the driver stage 
fixes the collector current. By 
lowering FR, and changing the 
stability figure of the driver stage, 
varying degrees of stability can be 
obtained for the output circuit. 

Using this circuit the radiated 
sensitivity at 24 in. is increased to 
120 pv/m at 1,000 ke. This im- 
provement results from the re- 
moval of the initial coupling and 
bias circuit which introduced a 1- 
db loss. 

In addition to reducing the set 
drain by the 1 to 2 ma formerly 
required by the bias circuit of the 
output stage, the set size and cost 
is additionally reduced by one elec- 
trolytic capacitor and two resistors. 


REFERENCE 
(1) T. P. Sylvan, Conversion Formulas 
For Hybrid Parameters, ELECTRONICS, p 
188, Apr. 1, 1957. 
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FIG. 1—Servo system employs velocity 
feedback overall as well as negative 
feedback locally in power amplifier 


Three units of system comprise servo amp- 
lifier (A), output transformer (B) and motor- 
generator (C). Amplifier occupies 17 cu. in. 


Semiconductors Shrink 
Servo System Size 


By HERBERT L. ARONSON, project engineer 


WILLIAM R. LAMB, Electronics Engineer 


Baird Associates—Atomic Instrument Co. Cambridge, Mass. 


UMMARY —— Velocity-type servo system uses single-rate feedback loop 


and d-c stabilization. Network design is based on constant-current driving 


source and low-impedance load conditions imposed by transistor operation. 


Double common-collector power stage with inverse feedback lowers output 


impedance by factor of 200 and cuts motor corner frequency in half. Power 


resistors mounted on copper-bar heat sink minimize stabilization needs 


EMAND for a miniature servo 
D system of lower power con- 
sumption has resulted in the de- 
velopment of a unit having the ad- 
vantages of transistorized design, 
greater life expectancy, smaller 
size, simpler thermal design and 
lower operating voltages. 

The servo amplifier and associ- 
ated motor-tachometer form a 
highly stable and accurate rate 
servo system, the operation of which 
is insensitive to carrier frequency 
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variations. The desired 5-cps band- 
width is achieved by d-c stabiliza- 
tion specifically designed for opera- 
tion at transistor impedances. 


Power Levels 


Maximum power output of six 
watts is developed from a 15-mv 
input signal. Overall power gain is 
thus 98 db. A maximum of 400 ma 
is required from the 28-v supply 
to maintain this power level only 
for brief moments of rapid motor 





acceleration. Full-speed motor op- 
eration at 4,000 rpm causes a 200- 
ma current drain. Under standby 
conditions the drain falls to 28 ma. 

The block diagram of Fig. 1 
shows the fundamental system. An 
a-c preamplifier supplies driving 
power for a _ phase-sensitive de- 
modulator. The resulting low-fre- 
quency error signal passes through 
the stabilization network to a phase 
modulator. Efficiency of the stabi- 
lization and conversion circuitry 
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makes d-c amplification unneces- 
sary. Power stages following the 
modulator consist of a driver and 
push-pull output. 


Preamplifier Stages 


Preamplification, is required . to 
raise the signal level at the output 
of the summing circuit to a value 
suitable for demodulation. Ap- 
proximately 90 db of power gain 
is achieved with three R-C coupled 
common-emitter stages shown in 
Fig. 2. The high-impedance out- 
put of the summing circuit is 
matched to the low-impedance input 
of the first transistor by a subminia- 
ture transformer. Magnetic shield- 
ing is used to prevent coupling be- 
tween this and other transformers. 

The first two stages employ sili- 
con transistors which, due to their 
low leakage currents, require no 
emitter stabilization over the de- 
sired operating temperature range. 
A germanium transistor is used in 
the output stage to supply up to 
60 mw drive to the demodulator. 
Loop gain of the system is con- 
trolled by changing the value of R, 
and thereby varying the amount of 
current feedback in this stage. 
Some feedback must be retained to 
ensure proper operation of the d-c 
stabilization circuitry since it is 
designed on the basis of a constant- 
current driving circuit of high out- 
put impédance. 

Phase-sensitive demodulation of 





Epoxy glass circuit board (top) measures 1% x 312 in. Two- 
board assembly shown in side view (below) 
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FIG. 2—Schematic of servo amplifier system. Value of C; is chosen to correct tacho 


the preamplifier output supplies 
the input signal for the stabiliza- 
tion network. Network output is 
converted to suppressed-carrier a-c 
by means of a phase modulator. 
Both demodulator and modulator 
consist of full-wave switching cir- 
cuits utilizing subminiature silicon 
diodes. The circuit has a 50-db dy- 
namic range characterized by ex- 
tremely low drift and residual out- 
put. 


Impedance Functions 


Because of the switch-type na- 
ture of the circuit, both the mod- 
ulator and demodulator appear as 
impedances which are functions 
of their driving and load imped- 
ances respectively. Thus the de- 
modulator acts as a current source 
for the stabilization network while 


| 


the modulator is made to appear as 
a low-impedance load for the 
stabilization network. 
Conventional designs are devel- 
oped on a voltage-transfer basis 
which assumes a constant voltage 
source and an_ infinite-impedance 
load. Neither of these assumptions 
is true in the system under discus- 
sion. A power loss of 50 db could 
be anticipated if the output of such 
a network were loaded by the input 
impedance of a transistor. But if 
current is taken as the dependent 
variable the design will be based 
on a constant-current driving 
source and a low-impedance load. 
Reasonable impedance matching is 
then possible and the only power 
loss is that due to any series re- 
sistance in the network itself. 
An R-C network designed on a 





Tranformers mounted underside (left). Separate printed circuit 
board holds other parts (right) 
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meter phase shift. Value of R: controls current feedback and loop gain 


current basis allows for a realistic 
value of output termination. An 
L-C circuit would require 5,000 
henrys to obtain the desired char- 
acteristics, and while such a choke 
is obtainable in miniature size the 
high series resistance would negate 
the advantages. The R-C circuit is 
therefore used because of its sim- 
plicity, reasonably small compo- 
nents and moderate efficiency. 
The network is designed on the 
basis of a 10,000-ohm termination; 
the value presented by the input 
impedance of the modulator when 
loaded by the first power-amplifier 
stage. Network calculation results 
in a value of 20,000 ohms for the 
series resistance with a power loss 
of only 6 db. Capacitors of 3.5 and 
70 wf provide the required low-fre- 
quency time constants. Because 
the tantalytic capacitors in the net- 
work are polarized units, two of 
them are connected back to back to 
permit the flowing of bilateral cur- 
rents. Germanium diodes are con- 
nected across each capacitor to 
shunt the reverse currents. 


Power Amplification 


The power amplifier section is 
designed to develop the required 
six watts with low distortion and 
the low output impedance neces- 
sary to reduce the servo motor 
corner frequency. When the motor 
is driven from a high-impedance 
source, the corner frequency is 2.5 
cps. This frequency increases to 
5 cps when the motor is driven from 
a 200-ohm source, which is less 
than 1/10 the stalled motor im- 
pedance. 

The common-collector stage is a 
linear voltage amplifier for all volt- 
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ages over a few tenths of a volt. 
Thus no biasing is necessary and 
a standby current drain for the 
four transistors of only a few mil- 
liamperes is caused by the tran- 
sistor leakage current. Inasmuch 
as this current is thermally gen- 
erated within the transistors its 
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FIG. 3—Transfer characteristic curve is 
linear over range of better than 100 to 1 


magnitude will vary with tem- 
perature. When the transistors 
are at room temperature it will be 
1 or 2 ma. But when the tran- 
sistors are heated by internal 
power dissipation or increased am- 
bient temperature it may tempo- 
rarily increase to 50 ma. 

The output impedance of a com- 
mon-collector stage is approxi- 
mately equal to the driving imped- 
ance of the preceding stage divided 
by the current gain of the tran- 
sistor. Since two common-collector 
stages are cascaded together in this 
circuit the output impedance is 
equal to the driving impedance 
seen by the first transistor divided 
by the product of the current gains 
of both transistors. This is an im- 


pedance reduction of about 200 for 
the transistors used. Since the volt- 
age gain is nearly one this results 
in a power gain of about 22 db. 

Two resistors of 220 ohms each 
are connected from base to emit- 
ter of each power transistor to im- 
prove the thermal stability of the 
circuit. If they were not present 
the thermal current generated 
within the transistor would cause 
its base to become slightly positive 
with respect to the emitter. This 
in turn would cause the medium- 
power driver transistor to be cut 
off, eliminating the stabilizing ef- 
fect of its normally low output im- 
pedance. The result at best would 
be reduced overall efficiency and it 
could result in thermal runaway and 
destruction of the transistor. 

A medium-power class-A stage 
supplies power for the output. It has 
a maximum output power of 50 mw 
and a standby dissipation of 150 
mw. Negative feedback reduces 
the output impedance and improves 
stability. Low output impedance 
is desirable to prevent changes in 
motor impedance from reflecting 
back through the common-collector 
stages and influencing the gain. 

The output impedance with feed- 
back is 2,400 ohms at the driver 
transformer primary as compared 
to 9,000 ohms without feedback. 
The power gain of this stage is 28 
db resulting in a total power am- 
plifier section gain of 52 db. 


Negative Feedback 


A negative feedback loop around 
the power amplifier section further 
reduces the system output imped- 
ance and provides part of the 90- 
deg phase shift required for opera- 
tion of the motor. 

Satisfactory stability is obtained 
by designing the feedback loop to 
supply a 60-deg phase shift and 
detuning the output of the modu- 
lator transformer to obtain the re- 
maining 30-deg shift. The 6-db 
feedback reduces the output im- 
pedance from 700 to 200 ohms as 
seen at the 110-v secondary of the 
output transformer. This is a driv- 
ing impedance of less than one- 
tenth the stalled motor impedance 
and represents a sufficiently stiff 
source for proper motor operation. 
The complete system transfer char- 
acteristic is shown in Fig. 3. 





















































































Generating Characters 


UMMARY —— Analog device displays alphabetic or numeric characters on 


face of cathode-ray tube by deflecting spot to trace out each desired character 


smoothly and continuously. Necessary X and Y deflection voltages for scope 


are obtained by Fourier synthesis technique that involves combining sine and 


cosine terms of first five harmonics of 30-kc fundamental frequency. Each 


character is traced in about 30 microseconds. Transistorized gated oscillators, 


flip-flop serial counters and emitter-followers feed ten toroidal transformers 


having one set of secondary windings for each character desired 


By KENNETH E. PERRY and EVERETT J. AHO 


Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Massachusetts 


LTHOUGH MANY PLANS have 

been devised in the past for 
scribing numeric and alphabetic 
characters on a scope face by spot 
deflection, a new analog circuit re- 
cently developed for this purpose 
has some advantages in both sim- 
plicity and versatility. 

The Arabic octal numerals zero 
through seven each may be rep- 
resented as a segment of a con- 
tinuous closed curve given in car- 
tesian coordinates by the equation 
y =f (x).- In general, y is a multi- 
valued function of x, but the curve 
can be represented by two para- 
metric equations: y = f,(t), x = 
f.(t) where t, < t < t, and where 
f. and f. are single-valued func- 
tions of t. If t is the time, then 
these functions define the continu- 
ous motion of a point along the 
curve. They must be single-valued 
functions, since the spot cannot be 
in two different positions at the 
same time. 

If the tangential speed of the 
point is known at all times (spe- 
cifically, if it is constant), then 
the parametric equations are de- 
fined by y = f(x). Thus, if f,(t) 
and f.(t) represent the voltage 
waveforms that are applied to the 
y and « deflection amplifiers, the 
desired curve will be traced on the 
scope face. Since most of the sym- 
bols are not closed curves, an un- 
blanking function must be pro- 
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FIG. 1—Waveforms at right, obtained by measuring coordinates of numeral five as at 
left, will generate this numeral when applied to X and Y inputs of oscillocsope 
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Equations for Numerals 


A function of the type just de- 
scribed can be expanded into a 
Fourier series of sine and cosine 
terms: 

f.(t) = A, + A, sin wt + B, cos 
ot + A, sin2@t+.... 
where w = 27 (t, — t.) and t, = 0. 
The expression (t, — t,) is the time 
required for the spot to trace the 

entire closed curve. 

The procedure for finding the co- 
efficients A,, B, is as follows: The 
desired character is drawn on 
graph paper as in Fig. 1A, includ- 
ing a retrace segment which closes 


the curve. To ensure that all char- 
acters can use the same unblanking 
function, closed figures like zero 
and eight have redundant retrace 
segments tacked on as an appendix. 
Twenty-four points are laid off 
along the curve at roughly equal 
intervals the actual number being 
arbitrary. These points divide the 
time (t, — t,) into 24 equal inter- 
vals. The x and y coordinates of 
each point are tabulated as in Fig. 
1B, with ¢, taken as the center of 
the retrace segment. These tabu- 
lated values represent the two 
functions f,(t) and f.(t), as plot- 
ted in Fig. 1C. These functions 
may be analyzed by any one of 
several graphical and numerical 
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integration methods. 

The method now used’ is a purely 
graphical one where each x or y 
value is laid off as a vector at an 
angle equal to (nwt). When these 
vectors are added head to tail, the 
projections of the resultant vector 
give the coefficients A,, B,. When 
the coefficients have been deter- 
mined it is possible to synthesize 
desired. waveforms by electrically 
adding sine and cosine waves of 
correct frequency and amplitude. 


Synthesizing System 


The circuit for synthesizing the 
desired voltage waveforms from 
artificially generated sine and 
cosine waveforms uses five har- 
monics with a fundamental fre- 
quency of 30 ke. Ten tuned circuits 
(five sine and five cosine) are 
simultaneously shock-excited into 
oscillation by a gate 33 micro- 
seconds wide to give one cycle of 
30 ke, two cycles of 60 kc, three of 
90 ke, four of 120 ke and five of 
150 ke. 

These ten signals are fed 
through emitter-follower buffers 
to the primaries of ten toroidal 
transformers. Secondaries are 
wound on these toroids, with direc- 
tion of winding and number of 
turns determined by the sign and 
magnitude of the Fourier coeffi- 
cients. When these secondaries are 
connected in series and one end of 
the series circuit is grounded, the 
desired voltage waveform appears 
at the other end. 

Figure 2 is a complete block dia- 
gram of the prototype system. The 
circuit as depicted here will display 
the numerals 0 through 7, four 
rows deep (32 characters). This 
can be displayed on any oscilloscope 
having an external unblanking con- 
nection. 

A 120-ke sine wave is fed into a 
clock generator which shapes the 
signal into a square wave. The 
prime side of the clock generator 
output is commutatively coupled to 
flip-flop F,, the first of a chain of 
eight serial counters*. The logic 
levels used are +5 volts and —5 
volts. The unblanking function is 
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Harmonic generator, with ten character-forming toroidal transformers in vertical row at 
left. Transistorized shock-excited oscillators are at right, buffer-emitters at center, and 
control and cycling circuitry is on plug-in cards sliding into grooves of lower compartment 
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FIG. 2—Bleck diagram of Fourier-synthesis character generator 
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FIG. 3—Circuit of harmonic generator for producing one character. Each additional char- 
acter requires additional selector switch and additional set of toroidal transformer 
secondaries feeding scope input terminals as at top of diagram 


generated in the intensity flip-flop, 
controlled by F,, F., F; and the 
clock generator. The _ intensity 
pulse starts one-half clock cycle 
or abont 4 microseconds after the 
prime side of flip-flop F; goes up 
and ends 4 microseconds before the 
same point goes down. This un- 
blanks that segment of the Lissa- 
jous pattern which forms the de- 
sired character. One-fourth of this 
continuous closed curve is blanked. 


Harmonic Generator 


Flip-flop F;, which shock-excites 
the ringing circuits in the har- 
monic generator of Fig. 3, is op- 
erating at exactly one-half the rate 
of the fundamental frequency used 
in the synthesis. The ringing 
period of the shock-excited oscil- 
lators occurs during the time the 
prime side of flip-flop F, is high. 
Since the fundamental frequency 
of 30 ke is twice the frequency of 
flip-flop F’,, one complete cycle goes 
into the slot before the ringing is 
ended by a change of state in F;. 

In like manner, there are two 
cycles of the second harmonic, 
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three of the third, etc., all initiated 
and terminated at the same time. 
The sine waves and the cosine 
waves are generated in parallel- 
resonant and series-resonant cir- 
cuits respectively. Input A in Fig. 
3, which is connected to five sine- 
wave ringing circuits, is controlled 
by counter output C,’. When C,’ goes 
up, the five input transistors con- 
nected to point A are cut off and the 
parallel resonant circuits composed 
of L,, C, and C, in Fig. 3 ring at 
their respective frequencies (30, 60, 
90, 120 and 150 kc). The output is a 
positive sine wave. 

Damping of oscillations is small 
because of the high-Q powdered 
iron cores used for L,. Input B, 
which is connected to five cosine- 
wave series ringing circuits, is con- 
trolled by flip-flop counter output 
C,. These circuits oscillate at their 
resonant frequencies when the in- 
put transistor is on (point B low). 
Output is a negative cosine wave. 

Since the ringing circuits are cut 
off at a point in the cycle exactly 
corresponding to the turn-on point, 
there is no damping transient and 
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the operation is not duty-cycle 
sensitive. In other words, at the 
instant of turn-off the voltage on 
the capacitor and the current 
through the inductor are very near 
to the quiescent values. This would 
be exactly true except for the 
losses during ringing. It is only 
necessary to leave the circuit 
off long enough for this small 
amount of lost energy to be re- 
placed. 

The values of L and C in Fig. 3 
are determined by setting \/L/C 
= R where R is the critical damp- 
ing resistor, arbitrarily chosen as 
1 k, L and C are unknown. 

Solving first for L in terms of 
C and substituting this result in 
the equation \/LC = 2zf, then 
solving for C, L can then be found 
from either equation. Trimmer C, 
has a range of from 100 upf to 500 
puf and is adequate for adjusting 
the ringing circuit for any L and C 
inaccuracies. 

Each ringing circuit is followed 
by an emitter-follower buffer am- 
plifier which also drives the base 
of a power transistor in an emit- 





ter-follower amplifier configura- 
TEN TOROIDAL TRANSFORMERS 
(PRI 100T;EACH SEC 30T) 
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FIG. 4—Simulator circuit in which poten- 
tiometers duplicate changing of turns on 
toroidal transformer secondaries, for try- 
ing out effects of various combinations of 
coefficients before putting windings on 
transformers permanently 
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tion. The output of the power tran- 
sistor is coupled through a 1-yf ca- 
pacitor to the primary of a toroidal 
transformer. 

Referring to Figs. 2 and 3, X, and 
mm, A, and X,’, ete, or Y, and Fe 
or Y, and Y,’, etc, on the harmonic 
generator block are the terminals 
to the series secondary windings 
on the toroidal transformers. 
Every time flip-flop F’, cycles, these 
circuits have f, (t) and f. (t) wave- 
forms on them. These secondary 
waveforms will not, however, be 
passed through the or diodes to the 
scope unless the X and Y inputs 
are high. 

The d-c levels of the unprimed 
ends of the secondary windings (X 
and Y in Fig. 2) are controlled 
by the state of their associated 
switches. When a switch output is 
high, the corresponding OR diode 
(Fig. 2) is forward-biased and the 
signal on that particular secondary 
is transferred to the scope. 


Transistorized Switch Circuit 


The switches are pnp transistors 
in the grounded-emitter configura- 
tion shown in Fig. 3. The collector 
controls the d-c level of the associ- 
ated secondary winding in the 
harmonic generator. The base in- 
puts have two states. When the 
base is high the collector is at 
—6.5 v and its associated secon- 
dary winding sees an open diode in 
the OR circuit preceding the scope 
(Fig. 2). When the base is low, the 
collector will be at ground or some 
small negative voltage, determined 
by the fixed resistor at the emitter. 
The purpose of this resistor is to 
adjust the level of the synthesized 
waveform f,(t) and f.(t). 

In the original graphical analy- 
sis for f,(t) and f.(t), no attempt 
was made to compute the d-c 
Fourier coefficient A, since the zero 
frequency cannot be accommodated 
in the transformers. Therefore, 
some of the numerals would be dis- 
placed from their proper relative 
positions on the scope face. It is 
this discrepancy in the d-c level 
that is adjusted by the resistors. 

The diode matrix selects the 
humber to be displayed under con- 
trol of flip-flops F., F; and F,. A 
different number will be displayed 
during each unblanking pulse. Only 
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one output is low at any time. This 
voltage turns on a pair of switch- 
ing transistors in the _ selection- 
switch package. 

The four resistors on the X input 
of the scope (Fig. 2) are used to 
generate an eight-step ladder of 
voltages at the same rate as the un- 
blanking function, thus displacing 
each numeral consecutively. 

The three resistors on the Y in- 
put, in conjunction with the slower- 
running flip-flops F; and F., dis- 
place the whole row of eight 
numbers vertically four times. 


Toroid Construction 


The ten toroidal transformers in 
the harmonic generator each con- 
sist of a General Ceramics F-108 
ferrite core with 100 turns ma- 
chine-wound evenly around the en- 
tire toroid, then covered with in- 
sulating tape. With the ten cores 
mounted at right angles to the 
panel, the secondaries can be placed 
on by hand as they are needed. A 
set of series secondaries consists of 
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a single length of No. 24 Formvar 
wire wound through and around 
the ten toroids. Ample space is 
available to accommodate additional 
windings on the toroids for gen- 
erating other characters. 

A simulation device was built to 
try the effect of various combina- 
tions of coefficients in generating 
various characters. The circuit is 
shown in Fig. 4. The toroid pri- 
maries are substituted for the 
toroids in the harmonic generator, 
and the 250-ohm potentiometers 
are adjusted to the proper coeffi- 
cient values. The resulting char- 
acter can then be observed. 

The research work on this proj- 
ect was supported jointly by the 
Army, Navy and Air Force under 
contract with Massachusetts Insti- 
tute of Technology. 
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Reverse-loss scatter coefficient for waveguide ferrite isolator is measured and recorded. 
tem, where incident and scattered signals are sampled by couplers, detected and compared in ratiometer 


SHF Frequency Sweeper 


UMMARY 











Sweep oscillator feeds waveguide sys- 


Swept-frequency signal source using backward wave oscilla- 


tor tube offers sweep rates from 40 mc to 400 kmc in the microwave region 


between 8.2 and 12.4 kmc. Rapid wide-range evaluations of reflection, gain 


and attenuation are possible, as well as permanent records of measured data 


on an ink recorder. Sweep width is continually adjustable from 3 me to 4.2 


kme and unit may be modulated with a-m or f-m 


By DANIEL E. WHEELER and PETER D. LACY 


Hewlett-Packard Company, Palo Alto, California 


WEPT-FREQUENCY measurements 
S obtained directly by mechani- 
cal methods have limited ranges of 
sweep speed and are subject to 
wear, while electrically-swept oscil- 
lators such as reactance-tube or 
klystron systems suffer from limi- 
ted sweep range. 

The backward-wave oscillator 
tube overcomes these objections 
since it is easily voltage-tuned and 
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covers at least a full waveguide 
frequency range. 


Application 


Swept-frequency measurement of 
reflections from transmission junc- 
tions or transfer characteristics of 
microwave devices can supplant 
tedious manual data-taking in de- 
sign or production test. The con- 
venience of this method permits 
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more frequent testing of opera: 
tional equipment and consequently 
greater reliability. 

A schematic diagram of a typi 
cal X-band backward-wave oscilla 
tor tube is shown in Fig. 1. The 
cathode-to-anode voltage of the 
electron gun determines the beam 
current passing through the tube. 
The cathode-to-helix voltage deter- 
mines the velocity of the electrons 
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FIG. 1—Schematic representation of helix- 
type backward wave oscillator circuit 
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FIG. 2—Voltage tuning curve for a typical 
backward wave oscillator tube 


FIG. 3—Simplified schematic of exponen- 
tial sweep generator providing helix 
sweep voltage 
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Uses Backward Wave Tube 


passing through the helix and in 
turn fixes the frequency of opera- 
tion. The collector at the helix far 
end collects the beam current and 
radiates the heat generated. 

The cathode is a ring and the 
subsequent electrodes have aligned 
annular openings. The electron gun 
thus forms a hollow electron beam, 
the form that is most effective in 
backward-wave interaction with a 
helix circuit. The electron beam is 
confined by a strong axial magnetic 
field so that few or no electrons 
touch the helix. A typical tube 
uses a solenoid producing a field of 
800 gauss, which is current-regu- 
lated for frequency stability. 

The backward-wave tube can also 
be used as a narrow-band regenera- 
tive amplifier at low beam currents. 
For this mode of operation the sig- 
nal is impressed on the helix at the 
collector end. The signal travels 
toward the gun end of the tube 
with linear gain against distance 
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at. first, but then levels off. The 
velocity modulation and resultant 
bunching of the electron beam in- 
creases in the same manner in the 
opposite direction. 

When a certain beam current is 
reached, oscillation starts. For this 
type of operation the collector end 
of the tube is provided with a 
tapered film-on-glass termination, 
and the useful output is taken from 
the gun end of the helix by a 
coaxial line. 


Voltage Tuning Characteristic 


The voltage tuning characteristic 
of a typical backward-wave oscil- 
lator tube resembles the curve of 
an increasing exponential as shown 
in Fig. 2, Checking the character- 
istics of a number of experimental 
and production tubes confirms the 
closeness of this approximation. 

The sweep voltage will cause the 
frequency of oscillation to vary 
linearly with time. Since a decay- 








ing exponential can be formed with 
passive elements alone, this charac- 


teristic is used in a downward 
sweep. 
This sweep must be between 


fixed voltages corresponding to the 
frequency limits of the band. Then 
the slope is adjusted at each end 
of the band. The asymptote of the 
exponential decay determines the 
ratio of the initial and final slopes 
and is adjusted to give best linear- 
ity. The R-C time constant is then 
adjusted to give the desired sweep 
time. 

If the capacitor is charged to any 
voltage within the frequency limits 
and subsequently allowed to dis- 
charge, it will follow the estab- 
lished decay curve and generate the 
necessary waveform for linear fre- 
quency sweep. This sweep is gen- 
erated at low amplitude by the cir- 
cuit of Fig. 3. The output of this 
sweep generator is used as the 
reference voltage in the helix high- 
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FIG. 4—Functional diagram of complete backward-wave sweep oscillator and modulators 
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FIG. 5—Block diagram of setup for measuring reflection and transmission coefficients 


voltage supply and the sweep is am- 
plified and applied to the tube helix 
when swept operation is desired. 


Sweep Circuits 


For sweeping across parts of the 
band, a given R-C combination will 
determine the sweep rate (Af/At) 
at all points across the band. The 
potential to which the capacitor is 
charged determines the frequency 
at which the sweep begins. By 
sweeping over a limited time 7 a 
swept frequency interval Af is the 
product of the sweep rate and the 
sweep time. 

The panel selectors may be made 
directly reading in the more useful 
quantities of sweep rate and fre- 
quency interval if the sweep-time 
control is driven through a differ- 
ential by the rate and _ interval 
selectors. 
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The relationship of controls and 
modulation circuits is shown in 
Fig. 4. Accompanying the fre- 
quency sweep there is a linear 
sweep that can be used as a time 
base for oscillograph display or re- 
cording on an X-Y plotter of any 
measured quantity. 


Swept Frequency Measurements 


The oscillator can be square- 
wave modulated at frequencies 
from 400 to 1,200 cps during both 
single or swept-frequency measure- 
ments, for use with tuned ampli- 
fiers or ratiometers. Pulse or sine- 
wave modulation also can be ap- 
plied to the anode for level modula- 
tian. A pulse rise time of one psec 
can be obtained. 

The external level modulation is 
a direct-coupled circuit that can be 
used for output level stabilization 
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FIG. 6—Reflection-coefficient curve of 
waveguide window shows higher-order 
mode resonances 
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FIG. 7—Transmission-coefficient curve of 
cavity filter obtained by method of Fig. 5 


during frequency sweeping. The 
backward-wave tube exhibits “fre- 
quency pushing,” which is a small 
change of frequency for beam cur- 
rent changes. This means that cur- 
rent modulation will produce both 
a-m and f-m. 

The block diagram of a sweep 
oscillator arranged to make reflec- 
tion coefficient measurements on 
waveguide ports is shown in Fig. 5. 
One variation of this method is to 
use the same equipment to make 
transfer-characteristic measure- 
ments on such devices as filters, 
ferrite isolators, amplifier tubes 
and waveguide junctions. 


Multimode Transmission Devices 


Multimode transmission lines 
and filters suffer from loss and 
spurious responses respectively due 
to inadvertant couplings to unde- 
sired modes. These deficiencies in 
constructed units can be evaluated 
by either reflection or transmis- 
sion-coefficient measurements over 
the frequency range of interest. 

A reflection-coefficient measure- 
ment on a terminated multimode 
transmission line fed by single- 
mode rectangular guide is shown in 
Fig. 6. Similarly Fig. 7 shows a 
transmission-coefficient plot for a 
TE,, filter. 
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Band-Pass Filter Design 
Technique 


Universal curves provide design information for Butter- 


worth and Tchebycheff stagger-tuned filter networks for band-pass amplifiers. 


gain requirements can be determined 


Required number of stages, center frequency, cut-off frequencies, and stage 


By D. R. A WHITE* Research Department, Avion Division, ACF Industries, Inc., Alexandria, Va. 


erage band-pass filters 
employing electron tubes or 
transistors as buffer amplifiers can 
be readily designed using universal 
design curves presented here. These 
data can be used for one through 
six stages of tuned band-pass am- 
plifiers providing either a maxi- 
mally-flat (Butterworth) or 1-db 
ripple (Tchebycheff) response. 
To use these data, amplifiers and 




















FIG. 1—Typical band-pass amplifier with 
isolation between filter stages 


circuitry to be designed must be re- 
ducable to a form shown in Fig. 1. 
The amplifiers may be electron 
tubes, transistors, magnetic ampli- 
fiers, or the like. Their perform- 
ance, however, must be such that 
they effectively decouple each of 
the tuned circuits from the others. 


Configurations 


For an amplifier having a band- 
pass response, each network is an 
RLC parallel-tuned circuit con- 
nected across a node pair. From a 
physically realizable point of view 
the R of each stage includes the dis- 
sipative loading effect of all ele- 
ments connected across the tuned 
circuit at the respective node such 
as plate load resistors, transient- 
time grid loading, and loading due 
to finite values of the quality factor 


of the coils in each configuration. 

If the desired input and/or out- 
put networks are to have tuned cir- 
cuits then the value of R must in- 
clude the loading due to R, or R, 
respectively. Similarly, the value 
of each C includes wiring and stray 
capacitance, input and output ca- 
pacitance of each amplifier, and ef- 
fective parasitic shunt capacitance 
of the coil. 


Tuned-Amplifier Specifications 


The following information con- 
cerning the band-pass amplifier is 
required: center frequency, either 
width of pass-band, B, or loaded Q 
factor, Q., either the 60-db band- 
width B,., or skirt selectivity in db 
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FIG. 2—Transmission loss with frequency for Butterworth (A) and Tchebycheff (B) response 
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FIG. 3—Plot of reciprocating 
against loaded Q factor 


factor 


per. bandwidth and the allowable 
pass-band ripple variation. 

Overall voltage or power gain at 
center frequency is not required. 
The first two items are _ self- 
explanatory. The skirt selectivity 
and pass-band ripple variation are 
required to establish the number 
of stages needed to realize the de- 
sired signal rejection just outside 
the pass band. 


Design Procedure 


Having specified bandwidth and 
skirt selectivity the required num- 
ber of filter stages may be ascer- 
tained from the low-pass prototypes 
of Fig. 2. Conversely, these graphs 
are useful in establishing skirt se- 
lectivities in terms of allowable or 
fixed number of stages. 

Next, tuned frequency and loaded 
Q-factor of each stage must be de- 
termined. Figure 3 is a plot of the 
normalized upper and lower 3-db 
cut-off frequencies for the Butter- 
worth response and the 1 db cut-off 
frequencies for the Tchebycheff 
1-db ripple response plotted against 
overall filter loaded Q, factor. 

These frequencies are: lower cut- 
off angular frequency: o, = w.k; 
upper cut-off angular frequency: 
@® = W/k 
where », is the band-pass center 
frequency, » = \/o,, in radians 
per second, and k is the reciprocat- 
ing factor determined from Fig. 3. 
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FIG. 4—Normalized frequencies of Butterworth response plotted against filter loaded 


Q factor for one through six tuned stages 


Figure 4 depicts the normalized 
angular frequencies, norm @,,, to 
which each stage must be tuned to 
give a Butterworth response for 
1 through 6 stages. Figure 5 is the 
corresponding case for the Tcheby- 
cheff response having a 1-db ripple 
variation in the pass band: 

—@am_ 


@nm Se 
where »,,, is the actual angular fre- 
quency to which the m stage of an 
n-stage stagger-tuned network 
tuned. 


is 


Figures 6A and 6B depict the 
Q,, factor of each individual stage 
for a filter having an overall But- 
terworth response of Q,. Figure 7 
corresponds to the Tchebycheff ‘re- 
sponse of 1-db ripple variation. 


Examples 

As an example, suppose it is de- 
sired to design an i-f amplifier hav- 
ing stagger-tuned stages and pro- 
viding a Butterworth response 
centered at 60 mc, a bandwidth of 
5 me, a signal rejection of at least 
45 db at 60 + 7.5 me, and an over- 

















































1000 | 
WOU T T T es 4 T rT T T T T T T T T | 
800} 0.984 0,986 0988 0990 0992 099 0996 0998 00 | ogee 0986 0988 0990 0992 0394 0996 0398 
600F 600F 
L 4g 
400}- NORM Wag 400}- NORM wy 
a WORM Ws ~ _ § 
WORM wee wont ae ee 
200} 200 }- WORM was 
NORM woo 
100 WORM wes — _ > ~ 100}- 
= 6&0} WORM weg 80 
| ees oe 
> 60+ 5S 60 
"ps © oe 3 
oa 
= 40b = 40+ 
wei Q 
2 (bea i a ee eee Se eer } 
| 3 . 
= 20h = 20+ HORN to 
= J WORM w,, | 
5 “ WORN ws9[ 
—" 10k WORN ws | 
a WORM wa, i WORM sy 
6 WORM wes) _ 6h HORM Wg 
4 WORM woo. 4b WORM was— 
L WORM Wigs — —— 
WORN Weg — 
2 4 rl 1 rl 2 1 4 
a a a nn ST 06 070 «=o OSS SCO 
NORMALIZED FREQUENCY NORMALIZED FREQUENCY 
(A) (B) 








FIG. 5—Normalized frequencies of Tchebycheff response plotted against filter loaded 


Q factor for one through six tuned stages 
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FIG. 6—Unloaded Q factor.of individual stages of Butterworth 
response filter compared to loaded Q for Q, less than 10 (A) and 


for Q. greater than 10 (B) 


all gain of 100 db using premium 
subminiature electron tubes. 

From Fig. 2A, the required num- 
ber of stagger-tuned stages to give 
a 45 db rejection at 60 + 7.5 me = 
o, + 3B/2 is 4.8. Five stages (n = 
5) will be used since only integer 
numbers are possible. 

The loaded Q, factor of the am- 
plifier response is 60/5, or 12. From 
Fig. 3, the 3 db cut-off frequencies 
(expressed in mc rather than in 
radians) are: 
wok = 60 X 0.959 = 57.55 me 
wo/k = 60/0.959 = 62.55 me 


@1 
@u 


Center Frequency 


From Fig. 4B, the center fre- 
quency t’ which each stage is tuned 
is 


norm ws; = 0.962 ws; = 0.962 «60.0 
57.7 me 
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58.6 me 
1.000 x 60.0 
60.0 me 
1.025 x 60.0 
61.5 me 


=] 


norm w54 = 0.976 Wi4 


norm @53 = 1.000 @53 


Norm ws: = 1/0.976 we 


Qi, Q32053--— 
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FIG. 7—Unloaded Q factor of individual stages of filter having 
Tchebycheff response compared to loaded Q for values of Qz 


less than 10 (A) and greater than 10 (B) 


norm ws, = 1/0.962 ws = 1.040 x 60.0 
= 62.4 me 


The required corresponding Q- 
factors from Fig. 6B are 


Qss = 37.0 Bss = wes Qss = 1.56 me 
Qss = 14.5 Bs = WwW Qs4 = 4.04 me 
30> 12.0 Bss = Ws3 Qss = 5.00 me 
Qs. = 15.0 Bs. = ws2/Qs. = 4.10 me 
Qs = 40.0 Bu = W51 Qs => 1.56 mc 
Gain—Bandwidth 


With a desired overall gain of 
100 db and using 5 stages, the gain 
per stage is 20 db, or a voltage gain 
of 10. The resulting gain-band- 
width product required of each 
stage is 10 x 5 me = 50 me. This 
is easily realized, such as with the 
CK 5702 WA type premium sub- 
miniature electron tube. 

Nominziiy, for buffer-separated 
networks using electron tubes as 
intermediate frequencies, individual 
stage Q factors in excess of about 
50 are impractable. This is because 
physical realizability of the tuned 
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networks becomes difficult due to 
the high plate load resistors re- 
quired and transient loading effects. 

The author wishes to express his 
gratitude to James H. Mills, Jr. for 
his calculations for the universal 
design curves, C. L. Ranck for his 
calculations in connection with the 
synthesis of the Butterworth and 
Tchebycheff transfer functions and 
A. Feiner, project engineer of 
RADC, under whose sponsorship 
this subject has been investigated 
in Contract No. AF30 (602)-1449. 
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Modulators for Automatic 
Control Systems 


UMMARY —— Survey of low-frequency modulation systems used in ampli- 
fication of d-c signals and equalization of a-c signals to give control system 


desired performance characteristics. Typical applications are described 


By L. S. KLIVANS Engineering Specialist, Radioplane Co., Van Nuys, Calif. 


Ec 400-CPS CARRIER VARIABLE PLATE RESISTANCE MODULATOR—Increasing 


magnitude of carrier voltage decreases signal-to-noise ratio, 
but increases modulated output. With E, — 0.5 v. and E. 
= 0.25 v rms, 400 cps, the output is linear with up to +2 v 
d-c input, and reaches a magnitude of 0.2 v rms. The null 
level is 2 to 5 millivolts. The null level is second harmonic 
of quadrature phase, while the large signal output is a 
low distortion sine wave. 

Applications mainly limited to modulation of error signals, 
but may be used for open-loop applications with suitable 
filtering to increase signal-to-noise ratio. Tube character- 
istics differ from unit to unit at low plate voltages 


6V 


Ra 











bs MODULATED 
OUTPUT 





~I50V 





BALANCED TRIODE SINE-WAVE MODULATOR—This is 
one of the best types of modulators available to obtain 
sinusoidal output without filtering. Input voltages of + 3 v 
d-c give linear modulated output of 0.25 rms, with a carrier 
voltage of 0.6 rms. Increasing carrier voltage increases 
magnitude of linear output voltage but also raises nu!! level. 
Null signal with 0.25 v rms carrier voltage is less than 
1 mv, and is mainly composed of second harmonic, quadra- 
ture phase. Excellent long-time drift stability, less than 1 mv 
per hour referred to the output. 

Can be used for either open loop or error signal modula- 
tion when high input impedance and a low-distortion sinu- 
soidal output is required For applications where addition 
of subtraction from other sinusoidal signals is required 





[ 








ELECTROMECHANICAL SWITCH MODULATOR—This cir- 
cuit utilizes a chopp ted by a 60 or 400-cps carrier. 




























100K 0.1 This modulator has large signal-to-noise ratio and is onl 
+0-C—-V/V/v 4 limited by contact rating as to input swing. , 
eee BEL The amplifier shown is designed to further reduce the 
60-CPS; ! output signal null level by balancing out the zero input 

OR | - signal. Null levels can be maintained in the microvolt 

400-CPS| - | region by proper shielding. For circuit shown, + 2 volts 
CARRIER, | _'! d-c input will produce 4.25 v rms output with a signal-to- 

F F noise ratio of 7,000 to 1. Long-time drift stability less than 








one millivolt referred to the output. Applications for this 
type of modulator include modulation of strain gauge or 
low-level transducer signals 

























CIRCLE 46 READERS SERVICE CARD —> 
ELECTRONICS REFERENCE SHEET 






FRACTION 
32-34P 
























DB-25P 


‘ CANNON D SUB-MINIATURE, 
PA and DPX SERIES 


ONNECTORS 


SUB-MINIATURES: 
indard Pin and Socket Inserts. 






1 : 4 ew oe More than thirty years experience in the design and 
S D LI manufacture of standard electronic components insure 

Cannon Connectors by CINCH to be of the highest 
t R aol x bins quality materials, fabricated to specifications to main- 


i tain consistent quality of product; highest standards 
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ea a ie a throughout all operations. 

ISS 1% ‘Sa Xe I'm 1.312 he Xe OVA 

WIP 1% Sha Shaka —s«*2«BS2 ha =e «ODD 

"tT lL Py D SUB-MINIATURE SPECIFICATIONS: 

MOP 2a 2.500 ha %e .035 

MS 2h Ss Ke 27% 2.500 hs % .035 Shell, including flange — steel or brass; Finish — 

2 eS 2. Se Cadmium plate or Irridite. Contacts — No. 20, 5 

50S 25s "Sa 2a 2% 2.406 "ha % .040 f —s 
‘GM % 984 hs % O11 ampere rating — Copper base alloy, gold plate finish. 
he Sha Ke he BA he He «OND 


Insert arrangements — 5 plus coaxials in 9, 15, 25, 


FRACTIONS +‘ Tolerance DECIMALS +0.005 Tolerance 
37 and 50 contacts. 
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_ DPA 32-335 





Insulation material — Zytel 101 or DIALL. 
Polarization — Keystone cornered shell. 


Operating temperature —67° to +310°F. 
DPA CONNECTORS: 
Shell with retaining plate. Pin and Socket Inserts. 
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| a t ? 7 
90093 O14 « 
your connector requirements—you can depend 


CINCH, 


trally located plants at Chicago, Illinois; Shelby- 
, Indiana; LaPuente, California; St. Louis, Mis- 


Send for illustrated Catalog No. 157 
i: with details of ‘‘D" Sub-Miniature. 
“DPA" and “DPX” Series. 
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100K 0.1 
+0-c——Wv : er aoe 
INPUT MODULATED 
] OUTPUT 
6AL5 ai 


{ 400-CPS | 


CARRIER 


DUO-DIODE HALF-WAVE SWITCH MODULATOR—Similar 
in operation to electr hanical switch modulator except 
that electron-tube characteristics are utilized to replace 
chopper. Carrier voltage turns diodes on and off thus trans- 
ferring d-c input signal to the output when diodes are not 
conducting. With a carrier voltage of 10-v rms, output is 
linear to 2 v with an input of + 5 volts d-c. Null level 
is on the order of 5 mv and is mainly second harmonic. 
Drift stability not as good as other circuits and varies with 
filament voltage. For applications where extremely high 
vibration is present where electromechanical switch might 
be damaged. Extremely long life of this modulator makes 
it useful where low maintenance is required 











DIAMOND MODULATOR—An electronic-switch type modu- 
lator utilizing the carrier signal to turn either electron tube 
or crystal diode on and off to modulate the d-c input signal. 
Produces much higher signal-to-noise ratio than most elec- 
tron-tube modulators. Ratio is on the order of 1,500 to 1, 
with a carrier voltage of 19 v rms. The output is linear up to 
3 v rms with a d-c input of + 10 v. Reducing the filament 
voltage further increases the signal-to-noise ratio, but may 
reduce life of the diodes. This circuit has long-time drift 
stability of less than 1 millivolt referred to the output. 

Suitable for airborne military applications where environ- 
ment is severe. May be used to replace electromechanical 
switch modulator where extremely long life with no main- 
tenance is required 
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TRIODE CLAMP MODULATOR—This circuit is also of the 
electronic-switch family but utilizes triodes in place of 
diodes. Principal advantage of this circuit is that large 
magnitudes of input voltage swing may be tolerated and 
still produce a linear output. With a carrier voltage of 
6.3 v rms, the output is linear to 2 v rms with a d-c input 
signal of + 25 volts. The null level is high, approximately 
100 mv. This can be reduced by filtering. Long-time drift 
stability is excellent. The output signal is normally square 
wave, but a tuned circuit is shown in the circuit above to 
get a sinusoidal signal. 

This modulator is best suited for system applications 
where the input signal swing is unusually large. 





RING MODULATOR—Circuit is shown with single-ended in- 
put and output but can be operated with either the input 
or the output ungrounded. Increasing the magnitude of the 
carrier voltage tends to increase the signal-to-noise ratio as 
well as the linear output swing. With a 100-v rms carrier 
and a d-c input of + 30 v. the output is linear up to 0.2-v 
rms. Null level is less than 1 millivolt, but the drift stability 
is not as good as most switch-type modulators. 

The circuit may be used in system applications where 
modulation of the error signal is required, but has poor drift 
stability and critical balance requirements 
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200 K 


TWIN T 400-CPS FILTER—This circuit may be utilized with 
all modulators described here to increase the signal-to-noise 
ratio. The filter is tuned to 400 cps and therefore feeds back 
all other frequencies tending to eliminate them. The Q of 
the filter is six. The output signal is a low distortion sine 
wave and is in phase with the input. 


The circuit is useful for applications with square-wave or 


switch-type modulator where a sinusoidal output signal is 
required. However, it is necessary that the frequency regu- 
lation of the carrier signal be 1 percent or better or the filter 
will introduce phase shift that may be detrimental to overall 
system operation 
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Our biggest asset can’t be photographec 


.What’s inside this engineer-scientist’s head? A camera won’t all the other fields of competence that go to make up a balanced 
reveal that for 30 years a trained mind has been accumulating a research and development facility. 
vast fund of knowledge on gyroscopes and has come forth with 


ee pag : ; : Nor can we show the special types of gray matter that make a 
sound original thinking on inertial guidance. 


first class systems engineer, a top production man, or a forward 
No photograph can tell that another man thoroughly grasps looking executive to keep these specialists functioning smcothl 
the present state of the art in infrared technology and has crea- as an integrated organization. 


tive ideas for the future. But we can tell you what these people have done in the past 
We can’t show pictorially the knowledge and reasoning ability what they are doing now (where military security permits), and 
other staff members bring to such subjects as radar, general elec- what we believe they can do for you. Write Dept AW, Mechani 
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tronics, semi-conductors, computation, mechanical design, and Div., General Mills, 1620 Central Ave., Minneapolis 13, Minn 
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ELECTRONS AT WORK 


Radio Thermometer Fits in Penguin Egg 


Thermistor changes oscillator frequency in proportion to temperature changes 


RECENTLY developed components 
have made possible a radio ther- 
mometer with far-reaching possi- 
bilities. Immediate application is to 
monitor the temperature at which 
the penguin keeps its eggs. 

The purpose of the penguin ex- 
periments is to look for some of 
the reasons that make it possible 
for some forms of animal life to 
withstand extreme cold. Other 
forms, anatomically similar, perish 
under similar conditions. 

A little deception of the penguins 


Transistor Drives 


By C. HuNTeER McSHAN 
Great Neck, N. Y. 


BALANCE and hairspring assem- 
blies of conventional clocks can be 
driven by self-switching transistor 
circuit as shown. in the diagram. 
The balance wheel is modified by 
mounting a small cylindrical mag- 
net on its rim and poising with a 
counterweight. A stator of soft 
magnetic material with a tapped 
winding is positioned to receive the 
magnet at the instant of maximum 
balance velocity. Stator thickness 
is made equal to the diameter of 
the magnet. The circuit is com- 
prised of a tapped winding, resistor, 
transistor and energy source. The 
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is required. The egg is opened and 
its contents removed. The radio 
thermometer and gelatin is substi- 
tuted. The egg is resealed and re- 
turned to the unsuspecting penguin. 
The radio was developed by 
American Electronic Laboratories 
for the Office of Naval Research. 
As well as size limitations, the de- 
vice had to be wireless, since pen- 
guins are inclined to carry their 
eggs from place to place. 
Inductive pickup was used rather 
than conventional radiated r-f en- 


Clock 


ergy. The salt water or flesh sur- 
rounding the egg would tend to 
absorb r-f. In addition, designing 


’ an antenna that would fit in a pen- 


guin egg posed problems. 

The unit uses a transistor oscilla- 
tor powered by three mercury cells. 
It is said to operate continuously 
for 150 hours. 

The use of a transistor was a nat- 
ural. It is not only small, light and 
economical of power, but does not 
generate heat. In addition, being a 
current device, it is suitable for 
supplying current for the coil. 

The radio thermometer has a 
range of 80 feet, is accurate to 
within 0.2 F and weighs only 80 
grams. 

Another application of the ther- 
mometer is to test the effectiveness 
of survival suits. First reports from 
the Antarctic on these tests indicate 
that a man swimming in water at 
28.5 F increases his body tempera- 
ture to 98.9 F while actively swim- 
ming for the first 12 minutes. After 
that, while resting, his temperature 
decreases at the rate of about 0.3 F 
every two minutes. The experi- 
ments last 20 minutes. 

Other planned uses for the radio 
thermometer include studies of 
chickens and reindeer. 
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FIG. 1—Arrangement of balance wheel and transistor drive system 


coil-form terminals serve to mount 
the resistor and transistor as a 
complete subassembly. 


Operation 


As the balance magnet enters 
the stator, the transistor remains 
in its normal cut-off or open cir- 
cuit state. During this entry 


period, the attraction force of 
the permanent magnet acting upon 
the stator imparts energy to the 
balance. As the magnet begins to 
leave the stator, a signal is gener- 
ated of the proper polarity to start 
a regenerative process of triggering 
the transistor to full conduction. 
This triggering process occurs in 
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KEEP UP-TO-DATE ON MAGNETICS 


Here are laminations for miniaturization 


If you are making transformers for transistorized or other 
miniaturized equipment, information about our ultra-small 
size “‘performance-guaranteed” laminations can be impor- 
tant news to you. These nickel-iron laminations are produced 
in standard gauges, and are available in Hy Mu 80, 48 Alloy 
and, if required, Orthonol. 


Dry-hydrogen annealed by our exclusive process, these 
laminations provide all-important uniform quality. This 
annealing at a dewpoint of -60°C. brings our Performance- 
Guaranteed laminations to ultimate permeability from as 
little as 5% of that value in the unannealed state. 


Like all laminations from Magnetics, Inc., the “miniatures” 
are packed in standard nine-inch boxes to facilitate handling 
in your plant, and are immediately available from stock. 
These features alone provide substantial savings. 
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Edges of these fine tolerance laminations are cut off squarely 
and cleanly to minimize air gap where mating parts are 
butted. Thus, high operating efficiency is insured. 


There’s no room here for the really detailed story, but for 
complete information on our “Performance-Guaranteed” 
magnetic laminations, send for our newest catalog—just 
published—ML-301. Write today. Magnetics, Inc., Dept. 
E-41, Butler, Pennsylvania, 
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MAGNETICS inc. 
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less than 0.0002 second. Flow of 
current through the transistor and 
part of the winding then produces a 
magnetic field which repels the bal- 
ance magnet away from the stator 
poles. The driving forces of attrac- 
tion and repulsion may be designed 
to deliver equal amounts of energy 
so that the natural balance rate is 
not disturbed. Deviation of the 
hairspring from true isochronal op- 
eration may be compensated by 
unbalancing these forces. The re- 
sistor critically damps the circuit 
to prevent self-oscillation. The 
stator may also operate a gear train 
stepping armature if it is desired 
to use the added precision of a free- 
swinging balance. The example 
shown uses a 1.0-gram balance 1.75 
cm in diameter driven by a me- 
chanical input of 8.0 microwatts at 
a 5.0000 beat rate with a total ex- 
cursion of 540 deg. The Alnico V 
magnet measures 1.0 mm in diam- 
eter and 2.0 mm in. length. Dura- 
tion of the electrical impulses is 
0.005 second. An initial deflection 
of 20 deg will start balance opera- 
tion. 






Pulses Cure 


Russian Headaches 








The Russians evidently have their problems too. The electronic instrument shown was 
developed by the Soviets to treat insomnia, epilepsy. schizophrenia, headaches, etc. 
Cathodes are put on the patient's eyes and anodes on his neck. Low-voltage current 
pulses at one to 130 cps are passed through his head. Duration of the current varies 


from 0.3 to 1.4 milliseconds 


Reverse-Current Tester Speeds Diode Checks 


By I. J. LEvy 


U. 8. Naval Research Laboratory 
Washington, D. C 


DIGITAL computers often use large 
numbers of semiconductor diodes. 
For example, the Naval Research 
Laboratory’s NAREC uses 30,000 


germanium diodes. Therefore, a 
rapid means of measuring diode re- 


verse current at a specified back - 


voltage has been devised. 

The NAREC signal level varies 
between +30 and —20 volts. There- 
fore 50 volts was chosen for making 
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FIG. 1—Circuit protects meter since max- 
imum current through meter is only 1.5 
ma even with diode shorted 
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FIG. 2—Switch §S: converts ammeter to 
voltmeter so that variable resistor can be 
used to adjust voltage at test terminals 


the leakage current measurements. 

A means of making reverse cur- 
rent measurements is to apply a 
back voltage across the diode and 
connect on ammeter in series with 
it. Unfortunately, this technique is 
objectionable. If the diode is in- 
serted incorrectly or is shorted, the 
meter or the diode can be destroyed. 
Also a low-impedance source of 50 
volts is a shock hazard. A circuit 
that overcomes these objections is 
shown in Fig. 1. 

If diode D is chosen to have a 
negligible reverse current at 50 
volts, the ammeter will always indi- 
cate reverse current through the 
diode being tested. Let J., be the 
full-scale reading of the ammeter, 
and choose resistor R so that R = 
100 volts/Ja;. 

When /,, is exceeded, diode D 
will stop conducting in’the forward 
direction and the voltage at point A 
will fall below 50 volts. The max- 
imum possible current, J,,,, through 
the ammeter is 150 volts/R. 

A reverse current criterion of 0.3 
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ENGINEERING 
BEYOND THE 
EBxXPECTED 


DESIGN —When time dictates, avail- 
able equipment can be adapted to 
your specifications. But you receive 
custom design, beyond the expected, 
when you need it. For example, the 
transistorized MAGAMP power sup- 
ply (right). This unit provides a 
faster response time... a lower over- 
shoot and undershoot...and remote 
regulation at longer distances than 
has ever been achieved before with 
this type of power supply. 


DELIVERY-—A contract from Doug- 
las Aircraft for “Thor” test equip- 
ment was awarded in March 1956. 
A total of 100 units, comprising 30 
different units, was delivered before 
deadline in November. On-time de- 
livery at its best...delivery beyond 
the expected. 
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y UNCUNCING a specialized 
























Missile 
SU PPO tT 
SERVICE 


You worry about the missile ...let Packard Bell Elec- 
tronics take care of ground support! Proven perform- 
ance in this field has resulted in a separate missile 
equipment section devoted exclusively to ground test 
and launching equipment. Here, in a 21,500 sq. ft. facil- 
ity geared for short run production, experienced man- 
agement shoulders complete responsibility. Here the 
most radical design changes are absorbed during the 
process of development. Here direct assembly super- 
vision by production engineers eliminates costly and 
time-consuming delays. A reliable source, any way you 
look at it. And a reliable way to rid yourself of a major 
headache! 





. This isindinver ined 
_ MAGAMP powersup- 








The MAGAMP has a surge capacity of 400% overload 
for 2 seconds. Regulation at the load is 1% or better. 
Recovery time is less than 50 milliseconds. Overshoot 
and undershoot are less than 25%, with a 30% change 
in load. (Seale in above photos: 5V/CM an: 
10MS/CM,) on 
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TRANSCEIVER SUPPLY 
Input: 12 VDC 


Proven RELIABILITY in use!* 





Universal DC-DC 


static converters 


TYPICAL SPECIFICATIONS 





RECEIVER SUPPLY 
12 VDC or 13.6 VDC 





Outputs: 
500 VDC @ 165 MA 
270 VDC @ 150 MA 
—55 VDC @ 10 MA 








250 VDC @ 130 MA 
or 
290 VDC @ 130 MA 











TEMPERATURE 
RANGE: 
—55°C t0 71°C 


—55°C to 71°C 










EFFICIENCY: 85%, 
SIZE: 31," x5" x3” 
WEIGHT: 23/, Ibs. 








85%, 
3¥,” x 1%," x 34,” 
14 oz. 






























For Railroad Applications: 
Same Specifications with 64 to 72 VDC Input at additional cos?. 


—the heart of every dependable mobile system! 


¢ FULLY TRANSISTORIZED 
e RECTIFIED 
e FILTERED 


In much of the important new electronic equipment 
being designed today for marine, mobile and aircraft 


applications, designers have found Universal 


Transistorized static converters to be highly efficient, 
compact, rugged improvements on dynamotors 


and vibrator power supplies. 
* For leaders such as Bendix Radio, Dumont, 


General Electric, RCA, Sperry Products and Western 
Electric, their high transistor reliability (up to 95% in 
10,000 hours of use) . . . low maintenance. . . minimum 
size and weight . . . long life .. . and high efficiency 
(from 80% to 92%) are paying important dividends. 


Because there are no moving parts, there is no 
wear, no tear, no brush interference. 


Whether your engineering problem is in a receiver, 


transceiver, public address amplifier, or any 


application where space is at a premium, Universal 


has the unit to outlast and out-power 
conventional supplies by far. 


UAC BHlectronics 


A DIVISION OF 


CIRCLE 81 READERS SERVICE CARD 


Transistor 
UNTIL V ERSAL Products Corp. 
Dept. E 18 36 Sylvester St., Westbury, L. I. N. Y¥. 
Edgewood 3-3304 


IN CANADA — ELECTRONIC ENTERPRISES REGD. 551 OAKWOOD AVE., TORONTO 10. ONT. 


Cable: Univatoms 
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ma at a reverse voltage of 50 volts 
was chosen for the germanium di- 
odes used in the NAREC. An am- 
meter with a full-scale deflection of 
1 ma and a resistance of 100,000 
ohms for R were selected. With this 
value of R under short-circuit con- 
ditions, maximum current through 
the ammeter is 1.5 ma. Also, this 
value of R allows the voltage across 
the diode under test to be 50 volts 
for all currents less than 1 ma. With 
this arrangement the meter, the 
diode under test and the operator 
are protected from excessive cur- 
rent. 

A more versatile instrument is 
shown in Fig. 2. This instrument 
has several features that make it 
convenient to use. Switch S, when 
depressed converts the meter from 
an ammeter to a voltmeter, to meas- 
ure the voltage at the test ter- 
minals. Variable resistor R. is used 
to adjust this voltage to the desired 
value (half-scale reading on meter). 
Switch S, reverses the diode connec- 
tions and permits checking the 
diode in both directions without 
removing it from the test instru- 
ment. 


Transistor Radio Uses 
Few Parts 


By S. A. SULLIVAN 


Sonoma, Calif. 
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FIG. 1—Transistor Q: is used regenera- 
tively as an r-f amplifier and reflexively 
as the first a-f amplifier while Q. func- 
tions as the power amplifier 


SENSITIVITY and selectivity are said 
to be quite good for a transistor 
radio that uses a minimum of parts. 
The circuit is a descendant of the 
reflex-type of the early twenties. 

In Fig. 1, r-f energy applied to 
the base of Q, through C, is ampli- 
fied and coupled to the diodes 
through C,. Resistor R, acts as an 
r-f choke. The audio output of the 
diodes is applied directly back to 
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Polished and e ahed peeees of Air Melted 
NICHROME* V in annealed condition. 


After many years of experience with vacuum 
melting programs, Driver-Harris now offers a 
complete vacuum melting service for almost all 
of the 132 special purpose alloys made by this 
company. 

The specific benefits gained by vacuum melt- 
ing in the production of nickel-chrome alloys 
are today clearly established. They are: 


B.. Much closer control of analysis—particularly 

in alloying with the highly reactive elements, 
Titanium, Aluminum, Columbium, Calcium, 
and Zirconium. The normally high affinity for 
nitrogen and oxygen these elements have is com- 
pletely eliminated in vacuum melting, thereby 
opening new avenues in alloy production. 


z.. Great reduction in inclusions, especially 
oxides and nitrides, results in higher ductility 
and tensile properties. In fine wires, the im- 
provement in properties is frequently so great 
that wire sizes may be reduced without sacrifice 
of strength. An example of the greatly im- 


Drsver-Harri 


HARRISON, NEW JERSEY + erancu 


Distributor: ANGUS-CAMPBELL, INC., Los Angele 
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4 Improvements in NICKEL-CHROME 
ALLOYS Now Obtainable from 
Driver-Harris Vacuum Melting Service 


« ff) 


Vacuum pa NICE HRO. ME V, annealed. Note 
that reduced inclusions result in much larger grain 
size for the same annealing treatment, 


proved microstructure is illustrated in the 
metallographs shown. 


3. Complete elimination of gas, not from the 
surface only but from the entire mass. Alloys so 
produced are therefore more desirable in the 
manufacture of electron tubes. 


4. General improvement in electronic, elec- 
trical, and mechanical properties to meet speci- 
fications. Because closer control of analysis is a 
primary advantage of vacuum melting, we can 
now achieve these specific improvements with 
remarkable certainty. 


Almost all of the Driver-Harris Alloys now 
vacuum melted and processed under close physi- 
cal and analytical control show improvement in 
one or more of the above ways. If you are seek- 
ing further improvements in the D-H Alloys 
you use, inquire now for information on how 
Driver-Harris Vacuum Melting Service can 
help you. Address your inquiry to Dept. VMS. 

*T.M. Reg. U.S. Pat. Off. 


Company | 


Cleveland, Louisville 


> . in Canada; The 8. GREENING WIRE COMPANY, Ltd., Hamilton,Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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an.Velocity-Damped Servomotors 


Incipient space travelers 
interested in more 

facts on Beckman Rotating 
“Components are urged 

to write for data file 13 A, 


Helipot Corporation 

Newport Beach, California 

a division of 

Beckman Instruments, Inc. 
Engineering representatives 
1249 on principal planets 


Helipot 


CIRCLE 82 READERS SERVICE CARD 


FIG. 2—Alternate output stage eliminates 
C; and R; but R: and R, must be deter- 
mined by trial and error 


the base of Q,, which now functions 
as the first audio amplifier. The 
amplified audio is coupled to the 
output stage by C;. Regeneration 
through C, is controlled by R,. An 
800,000-ohm resistor is nominally 
selected for R., but the correct value 
must be chosen empirically. 

Performance can be improved 
even further by replacing R, and R, 
with r-f and audio chokes, but size 
and cost will be increased. 

Using the direct-coupled alter- 
nate output circuit shown in Fig. 2, 
C; and R; can be eliminated. How- 
ever, R, and R, become interde- 
pendent and require more juggling 
to determine optimum values. In 
addition some loss of output is ex- 
perienced because of the shunting 
effect of R, on the input of Q.. Occa- 
sionally a transistor will be found 
for Q. the characteristics of which 
also allow R, to be eliminated. 


Tv Receivers Substitute 
for Marine Radar 


By CARLA’ BAROCCIO 
Rome, Italy 


RADAR’S benefits at tv receiver 
prices is a bargain being given to 
some Italian vessels. Even radar- 
equipped ships are given an added 
margin of safety by the system. 

A radar system is set up at an 
appropriate spot in the harbor so 
that the antenna can scan the area. 
The presentation on the radar re- 
ceiver screen is picked up by a tv 
camera. The video is then broad- 
cast from a hill on the nearby 
shore. : 

Vessels equipped with a rela- 
tively inexpensive tv receiver are 
given a continuous radar map of 
the harbor. The high-grade picture 
is said to be better than that sup- 
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IN-LINE READ-OUT 


All data is more accurate when taken from a straight-line read-out, as 
compared to reading the necessarily small numerals on a digital 
counter ... especially when they are staggered on 10 rapidly changing 
decade levels. You can’t always trust the eye, but you can always trust 
a CMC In-Line Read-Out. 


The elimination of errors due to lamp filament failure is an impor- 
tant safeguard to accuracy. This feature is possible only with the new 
CMC IN-LINE READ-OUT designed for use with digital counting 
instruments. It is Fail-Safe! 

Individual 2” numerals with wide-angle readability, distinctly 
formed on a flat plane by many small high-intensity neon bulbs, are 
easily read even in strong ambient light. The memory circuit changes 
only on command, thus preventing loss of important data. Plug-in 
modular construction allows relay trees and lamp assemblies to be 
used separately as needed, or in other equipment. 


For simultaneous multiple or remote use, two or more CMC In- 
Line Read-Out instruments may be connected to one Digital Computer. 


Write today for full technical information, engineering data or 
assistance with your computing problems. Ask also for the new CMC 
Short-Form Computer Catalog. 


SPECIFICATIONS Power 117 V + 10%, or 230 V 
Requirements +10%, 50-60 cps, 125 watts 
Dimensions 17” Wx 44” Hx 174%," D 
approximately. 

33 pounds approximately. 
Panel: Light grey baked 
enamel. 

Case: Dark grey baked 
enamel. 

One 48” signal cable. 


Indicating Capacity 6 Digits 


Accuracy Identical to counting 


instrument. Weight 
4-line 1-2-2-4 binary Finish 
decimal code and read 
command from counting 
instrument for automatic 
operation. 


Signal input 
Requirements 


Accessories 


movet 4f)] A 

Features 
* LARGE NUMERALS — 214” HIGH 
*& FAIL-SAFE NUMERAL CONFIGURATION 
%* FLAT PLANE PRESENTATION 
%* BRILLIANT LONG-LIFE NEON BULBS 
* WIDE ANGLE READABILITY 
* PLUG-IN MODULAR CONSTRUCTION 
% MEMORY CIRCUIT 


* REMOTE 
READ-OUT 
FOR 
GROUP 


Subsidiary of Hancock 
Manufacturing Company 


Computer- 
Measurements 
Corporation 

5528 Vineland Ave., Dept. 78A 
No. Hollywood, Calif. 


CC-101 
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50 ohm 
coaxial line 
Load Resistor 
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Directiona 

RF Wattmeter 
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RF Absorption 
Wattmeter 


...a need filled 


Coaxial 
RF Switches 


Coaxial 
RF Filters 


Since 1942 the Bird Electronic Corporation has 

met the challenge of a constantly growing electronic 
industry. Today, enlarged engineering facilities 
demonstrate our intention to maintain leadership in 
our field. A wide range of coaxial line instruments 
and accessories are being designed to meet a 

variety of specifications; and new applications 

are continuously being sought. 


In addition to experience and established leadership, 

Bird has the physical facilities to produce and 
dependably deliver coaxial line instruments and accessories 
meeting your highly exacting requirements. 


Western Representative: 


| ELECTRONIC CORP. 
EXpress 1-3535 
| 1800 E. 38 St., Cleveland 14, Ohio 


e: 
VAN GROSS COMPANY © Woodland Hills, California 
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plied by some low-power radars. 
Even ships with good radar find it 
helpful to compare their presenta- 
tion with that on the tv receiver. 


Cathode-Follower Gain 
Approaches Unity 


DESIGNERS frequently must couple 
a high-impedance source to a low- 
impedance output without attenu- 
ating or loading the source signal. 
This could be done using a cathode 
follower with unity gain and low 
output impedance. 

Such a circuit has been devised 
and is shown in Fig. 1. It has a 
gain of 0.99963, an output imped- 
ance of 50 ohms and a response 
within 3 db from d-c to 250 ke. The 
circuit delivers outputs from —140 
to 210 volts at —0.8 to 2.0 ma. 

The input signal is applied to the 
control grid of the pentode, V,. The 


FIG. 1—Feedback through pentode helps 
maintain unity gain 


cathode follows as in a conventional 
cathode follower. Any departure 
from unity gain appears as a volt- 
age between the cathode and the 
grid. This voltage in turn affects 
plate current and appears as an am- 
plified voltage across plate resistor 
R,. This voltage is coupled to the 
control grid of pentode V. and is 
again amplified appearing at the 
plate of V. in phase with the output 
at the cathode of V,. This negative 
feedback cancels most of the de- 
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Tl DIFFUSION TRANSISTORS 


ina small package 


0.245 (+ 0.010) INCH 


20 OHMS SATURATION (TYP.) am (-0010 
-65 to 200°C OPERATION : zi 


we 


& we @ 25° Cc - 1 ‘ay @ 150° Cc 4 Fe 


0.015 (= ocon al 1S t= sien 


YOU get low, low saturation resistance ... highest 
dissipation factor yet, at even higher temperatures 
from these newest TI gaseous diffused silicon units — 
all stabilized at 215°C! You can control your circuits 
closely with the 3 to 1 beta spread and exploit the aes 

8 V BV,3, for harder driving switchers in your heavy a aise asa 
duty applications. aS. 


2NaS8 
BVeso (le =250uA)... 
BVceo (lc =250uA) ... ° 100 
BVcso (Ilc=100uA)..... 100 


MAXIMUM POWER DISSIPATION 


des. 


min. cen. max. unit 
DISSIPATION VS. CASE TEMPERATURE 
Rcs (Ip =40mA;Ilc =200mA) — 20 40 Ohm war we reas alm 


hee (Vc=10V; Ic =200mA) 12 120 | 3% = aaa (NO HEAT SINK) 
ar SLOPE = 4.6.mW/°C 
Just as all Tl semiconductors . . . your new 2N497's and 2N498’s 
Gre fully guaranteed for one year from the date of delivery, 


SEMICONDUCTOR-COMPONENTS DIVISION 


IMMEDIATELY AVAILABLE IN T > o-w— | NSTRUMENTS 
PRODUCTION QUANTITIES! ” ; tn So rR PF Co RA Teo 


(Ot Se ak Oat ae = © op | ; 2 oma an an’ 
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“Its Open Season” 








































Tf you’re the man *- 


- whose product needs 
this Tung-Sol Relay. 
'. then it’s you I’m . 


ae hunting for 





Tung-Sol produces a line of thermal relays in the 
general operating range characterized by the Type 
609. Snap action contacts and extremely sensitive 
actuating heater elements provide uniform cycling. 
—— principle permits manufacture of time delay 
relays and relays which function on small differential 
of voltage and current. Compact and lightweight, 
Tung-Sol relays are ideal for instruments and elec- 
trical equipment application. 





NOMINAL DESIGN CONSIDERATIONS 


Contact capacity....... +eeeel amp 30 volt resistive « 
Contact arrangement..... + eeeeeSPST (NC) or SPDT 
Operating power.....+++e+e0++-As low as 2 watt 

ss Time delays........ eevececceseesUp to 5 seconds 


Operate on current differential as small as .05 amps 
Operate on voltage differential as small as .3 volts 














NOMINAL CHARACTERISTICS OF 609 





Operating voltage. ......ses- oeeeeee6.4 volts 
Operating time.......1. plus or minus .5 seconds 
Release time......+.. 1. plus or minus .5 seconds 
Contact capacity......+++.++.) amp at 30 volts 


Contact arrangement....sseceseeseseeesSPDI 
For additional data write: 

Electroswitch Division, Tung-Sol Electric Inc., Newark 4, N. J. 
Sales Offices: Adlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, 
Tex.; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; 
Newark, N. J.; Philadelphia, Pa.; Seattle, Wash. Canada: Montreal, P. Q. 


© TUNG-SOL revavs 















parture from unity gain. The feed. 
back action also produces the low 
output impedance of the circuit. 

A pentode was chosen as the in- 
put tube because of its constant 
plate current with varying plate 
voltage. An isolated screen supply 
producing no current in the cathode 
return was required to retain this 
characteristic. A pentode was used 
as the cathode return, because it 
has high mutual conductance and 
high impedance. A cathode follower 
V; rather than a glow tube was used 
to supply —144 volts at low imped- 
ance to the cathode of V. because 
it uses less plate current and has 
continuous characteristics. 

A bias cell or mercury battery 
may be used in series with the input 
if the d-c output voltage level is to 
be the same as that of the input. 

This circuit is actually a d-c ver- 
sion of an earlier circuit’ by Ham- 
mack having only a-c response. His 
mathematical analysis is valid for 
this circuit also. 


REFERENCE 
(1) C. M. Hammack, Cathode Follower 


of Very Low Output Resistance, ELEC- 
TRONICS, p 206, Nov. 1946. 


A-C Threshold 
Converts to Switch 


By WILLIAM E. EARLE 
Earle & Blake, Inc. 
Brockton, Mass. 
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FIG. 1—With control set for maximum re- 
sistance, peaks of a-c voltage above 4.5 
volts are passed by diodes 


BACKGROUND noise can be elimi- 
nated from audio signals without 
affecting a-c balance of the signals 
with a balanced variable threshold 
circuit. Substituting a triode tube 
for the threshold control potentiom- 
eter converts the circuit to an elec- 
tronic switch that is free of tran- 
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...this is OPPORTUNITY! 


Work with AC on some of the most exciting and important 
projects now under way for our armed forces — the whole 
field of electronics and the production of electronic equip- 
ment for jet engines and for guided missiles. 








...this may be FOR YOU! 


If you hold an engineering degree and have an electrical, mechanical or electronic background, please contact us. 
Check the AC product list below. There are opportunities in the engineering departments now working on any of 
these projects . .. or on others that.are now in the research and development stage. 

Write Mr. Cecil Sundeen, Supervisor of Technical Employment, in care of ... 
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AG eseTHE ELECTRONICS DIVISION OF GENERAL MOTORS 


Milwaukee 


s @ Emergency Fuel Controls e Gun-Bomb-Rocket Sights e« Gyro-A 
Inertial Guidance Systems @ Manifold Air Pressure Regulators « Speed Sensitive Switches © Speed Sensors e Three-Way Selector Valves @ Torquemeters 














GENERAL 
MOTORS 








...this is SECURITY! 


General Motors offers greater security and more benefits to 
employees. GM offers the widest variety of opportunities 
and the chance for individuals to grow with the company 
and within the Company. 








Wisconsin 












s @ Gyroscopes 
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Bristol’s Syncroverter} chopper is now available in a low-noise, 
external-coil model for critical dry circuit applications. 

This new external-coil chopper virtually eliminates capaci- 
tive coupling between signal-circuit contacts and driving coil 
leads. Peak-to-peak noise levels are usually less than 100 micro- 
volts across a 1 megohm impedance (rms noise, in the order of 
10 microvolts). 

LONG LIFE and immuriity to severe shock and vibration are 
outstanding characteristics of the new Syncroverter chopper. 
Withstands vibration, 5 to 2000 cps, up to 30G, and up to five 
30G impacts on any major axis. SPDT switch action. Nominal 
contact ratings: up to 10 V, 1 ma. 

Write for complete data on this latest addition to the Bristol 

. Syncroverter line. The Bristol Company, 152 Bristol Road, 
Waterbury 20, Conn. 7.31 
tT. M. Reg. U.S. Pat. Off, 

TYPICAL CHARACTERISTICS 
Driving Frequency 
L Range: O—1800 cps 
Coil Voltage: 6.3V sine, square, 
pulse wave 

*Coil Current: 70 milliamperes 

Coil Resistance: 52 ohms 

4 “Phase Lag: 60° + 10° 

*Dissymmetry: 15° max. 

*Switching Time: 15°+ 5° 

Temperature Ranges: —55°C to 100°C or 

—65°C to 125°C 
Operating Position: Any 
Mounting: Flange; 2-hole or 4-hole 
Plug-in; fits 7-pin 
miniature socket 





*These characteristics based on sine-wave excitation, 400 cps. 





& ee STO FINE PRECISION INSTRUMENTS 
FOR OVER 68 YEARS 
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sients and can handle large input 
signals. Characteristics of the tube 
have no effect on circuit balance. 

The variable threshold circuit is 
shown in Fig. 1 with no signal ap- 
plied. When threshold level is set 
at maximum, circuit voltages will 
be as shown. 

Since both diodes are cut off by a 
4.5-volt reverse bias, a signal ap- 
plied at the input will not pass 
through the diodes unless its ampli- 
tude exceeds 4.5 volts. For larger 
input signals, the voltage in excess 
of 4.5 volts will appear at the out- 
put terminal after passing through 
series resistors R, and R.. If a sinu- 
soidal signal of 18 volts peak-to- 
peak is applied to the input ter- 
minal, the output waveform will be 
that shown in Fig. 2A. 

As threshold-control resistance is 





Dei 


(A) 


a ee 


(8) 











FIG. 2—Noise can be eliminated from 
audio-frequency a-c without affecting a-c 
balance 


decreased, biasing voltages on the 
diodes will decrease allowing more 
of the input signal to appear at the 
output. With no resistance, the en- 
tire input waveform will appear at 
the output as shown in Fig. 2B. 


Electronic Switch 


By substituting a vacuum tube 
for the variable resistance thresh- 
old control, the circuit becomes an 
electronic switch. 

With V, in Fig. 3 at cut off, the 
threshold will be at its highest 
value. This corresponds to the off 
position of the switch. With V, con- 
ducting, the resistance between 
points A and B will be low and only 
a small threshold will exist. Resis- 
tors R, and R, eliminate the remain- 
ing threshold allowing:all signals to 
appear unclipped at the output. 
Hence, with V. conducting the 
switch is in its on position. 

Because the signals pass through 
the high series resistances R, and 
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new vinyl plastic tape for total adhesion 


I spite of technological advances in electricity 
and electronics that stagger the imagination, the 
past few decades have seen little progress in the 
science of insulating tape manufacture. The electri- 
cal tapes of today have been, until now, substan- 
tially the same as they were in 1920 .. . and some 
of them are pretty good, no question about it. 


In the 1940’s, however, there was one break; 
spurred by the needs of modern electronics, plastic 
tapes — polyvinyl chloride sheetings, plasticized 
and adhesive coated — came into limited use. Since 
then, again, plastic tapes have improved but slowly. 


Now, in 1958, Plymouth Rubber Company, 
Inc., manufacturer of quality rubber and plastic 
products since 1896, has at last broken the vinyl 
tape barrier. After years of laboratory research and 
months of testing in the field under the most ex- 
treme conditions, SLIPKNOT #7 PLASTIC ELECTRICAL 
TAPE is ready for use. 

Here at last is a vinyl tape you know you can 
depend on. ZF-90* inseparably fuses adhesive to 
vinyl base; they cannot come apart, and therefore 
will not dry out. This is total adhesion, making 
splicing easier, swifter, surer than ever before. New 
Slipknot #7 has a wider temperature working 
range, too, than other plastic tapes. 


There has been a great need, also, for a 
method of cutting plastic tape easily, and eliminat- 
ing the waste caused by stretching and thinning the 
next several inches on the roll. 











*Plymouth’s formula for total adhesion 





Plymouth solves this problem handily with a 
new tape cutter (pat. pending) packed in every 
66-foot can* It rides the roll of tape, and fits snugly 
within the core when not in use. 


All of SLIPKNOT #7 PLASTIC ELECTRICAL TAPE’S 
properties so far exceed previous specifications for 
vinyl electrical tape that it is truly felt to be revo- 
lutionary in the field. It is available from stock at 
your distributor’s in 34” width, and can be had on 
special order in any width. It carries the UL label, 
of course. This new tape has successfully passed the 
most rugged laboratory and field tests ever devised. 
It will pass all of yours, too. Here are some 
of the specifications: 


























PHYSICAL PROPERTIES ELECTRICAL PROPERTIES 
Thickness ae oe ee 
Tensile Strength Sch width 4 wt gl 07 
Elongation At Break 150% > nai 03 
STI” Rte | see 
Adhesion to Backing a oad — at 2.3 
Transfer of Adhesive None Insulation Resistance ietaoes 
ae ew | Bete a 














Data given represents averages and should not be taken as maximum 


or minimum for specification purposes. 


*Limited time offer 





You are invited to write for a generous trial roll 
of SLIPKNOT #7, on your business letterhead, to 


PLYMOUTH RUBBER COMPANY, INC. 


Makers of SLIPKNOT FRICTION TAPE 


DIVISION 21 
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WALTHAM 


can develop and make 


‘your miniature assemblies 


When your designs require miniature or sub-minia- 
ture assemblies in volume, Waltham facilities are the 
answer to your problems. At Waltham you’ll find the 

- specialized tools—many made in our own shops to meet 
specific needs—and the highly skilled people with long 
experience in operating them. 


Waltham competence in precision instrumentation, as 
evidenced by our performance record on contracts for 
major producers, can be applied to your requirements 
»»-efficiently and economically. | 


The same ingenuity that gave the new Waltham Vertical 
Gyro its superior performance characteristics can be ap- 
plied to resolving the production problems facing you. 


A Waltham engineer is well qualified to talk to you about 
mechanical or electromechanical assemblies. Ask him to 
call on you—or send us your drawings and specifications. 


WALTHAM PRECISION INSTRUMENT COMPANY 
FORMERLY WALTHAM WATCH COMPANY 


WALTHAM 54, MASSACHUSETTS 
PRECISION HAS BEEN OUR BUSINESS SINCE 18606 


- 












R,, high-frequency response is lim- 
ited. However, the nontransient 
properties of the switch and its 
ability to handle large input signals 
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FIG. 3—Output when switch is closed is 
not dependent on tube characteristics 


more than compensates this limita- 
tion. By exactly matching resistors 
R, and R., R, and R,, R, and R., R, 
and R, and R, and R,, switching 
transients are completely elimi- 
nated if no grid current is allowed 
to flow in the control tube. Tube 
characteristics have no effect upon 
circuit balance. 

The electronic switch may have 
applications in commuting circuits 
where stable, nontransient switch- 
ing, free from the effects of chang- 
ing tube characteristics, is essen- 
tial. 


Regulated Supply 
Offsets Line Changes 


By Louis COSTRELL 
Radiation Physics Laboratory 


National Bureau of Standards 
Washington, D. C. 


SOME CIRCUITS are affected by 
changes in line voltage even though 
the B+ is well-regulated. This can 
result from unregulated filament 
voltage or use of unregulated B+ 
in some parts of the circuit. The 
change in line voltage can some- 
times be compensated in circuits 
with essentially constant load by 
using a compensating-type regu- 
lated supply. The supply changes 
voltage in a direction opposite to 
that of the unregulated voltage. 

A conventional regulated power 
supply can be made to do this by 
the addition of two resistors and a 
capacitor (R,;, R, and C in Fig. 1). 
The compensating factor — (8V./ 
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8V,) can be controlled over a con- 
siderable range from zero to values 
greater than unity. 

From Fig. 1B: 


I, (R; + R,) + I.R; = Vi 
IR; + I (Ri + R, + R;) = V2 
IR; + I (R, + Rs) = Veer 


From which is obtained: 
Fa (RiR; + R.R; + RR, + 
RR, + R3R,) baal ViRiR; 





= RR; + RoR, + RyRy m 
4 ete RR; (2) 
6V; RR; + RR, + R;R, is 
R= (Ve—Veer) (RoR +RRyt R;R,) (3) 





Vries (Rs + Ry) — Vik; 
Since noise and ripple are pre- 
sumably present in the unregulated 





V2 (REC) 






TO CONTROL 

















Re 
(A) = 
¥(UNREG) Wo(REC) 
I, | Ry 
= (B) 
FIG. 1—Add tion of R;, P, and C enable 


regulated supply to compensate changes 
in line voltage 


voltage (V,), capacitor C is added 
to limit the transfer of this noise 
and ripple to the regulated output 
(V.). The capacitor should be large 
enough so that the output imped- 
ance is low at the lowest frequency 
of interest. If the capacitor has 
appreciable inductance, as is often 
the case with electrolytics, it is well 
to shunt it with a small paper, mica 
or ceramic capacitor. 

With elimination of terms as the 
Sole objective, R, can usually be 
made equal to R.. Table 1 shows 
the compensating factors obtained 
with a typical circuit for various 
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What makes the 


el ay 


Really New? 


PAT. PENDING 


A NEW MAGNETIC CONCEPT 
CREATES A NEW RELAY WITH 


OUTSTANDING IMPROVEMENTS 


hwNn 


. Vibration (100 to 2000 CPS at 15g) 

. Reduced weight (40% weight saving) 
Reduced size (34 the cube of competitive designs) 
. Withstands impact (100g -- 11 + 2 milliseconds) 


making this new MICROPOISE RELAY ideal for 
missile programs, the ever increasing more exact- 
ing aircraft control requirements, and for highly 
reliable electronic computer applications. 











A DIVISION OF 
Cook Electric Company 


2700 Southport Ave., Chicago 14, Illinois 


Diaphlex—Aircraft Components and Accessories. 
Cook Research Laboratories—Basic & Applied Re- 
search. Inland Testing Laboratories—Qualification, 
Environmental, Reliability and Radiation Testing. 
Magnilastic—Expansi Joints ond Large Scale 
Metal Fabrications. Wirecom—Wire Communication 
Protection & Distribution Equip * & 

















Systems Division—Engineering and Production of 
Electronic Gear. Airmod Corporation—Moderniza- 
tion, Modification, and Maintenance of Aircraft. 
Nucledyne Corporation—Engineering and Design 
of Technological Facilities. Cinefonics Inc.—Motion 
Picture Production. Canadian Diaphlex, ttd.— 
Aircraft Comp ts and A ies. 








CIRCLE 88 READERS SERVICE CARD 101 









































































Type FC-4 4-pole 
double-throw. 


Type FC-6 6-pole 
double-throw. 


These Impro 


iOG vibration 
cles 


withsta 
at 2,000 





e-- Up to 6OG shock without contact opening 


«-- and 2,000 tt.—Ibs. shock without 
contact transfer 


Backed by more than ten years of intensive devel- 
opment and refinement, these rugged, precision- 
built Struthers-Dunn FC relays have the high re- 
liability required for missile uses. The outstanding 
characteristics indicated above typify perform- 
ance that meets or exceeds the operational and 
environmental requirements of MIL-R-5757C 
and MIL-R-25018. Thanks to simplified design, 
S-D FC Relays, are priced materially lower than 
other types frequently used to meet these exacting 


specifications. 
MAKERS OF THE 
WORLD'S LARGEST 
ASSORTMENT OF 
RELAY TYPES 


NEW BULLETIN AVAILABLE... 
giving full details and electrical and mechan- 
(/ ical specifications. Ask for FC Relay Bulletin. 


aE 





Pitman, N. J. 


Sales Engineering Offices in: Atlanta « Boston « Buffalo * Chicago « Cincinnati 
Cleveland + Dallas « Dayton « Detroit « Kansas City « Los Angeles * Montreal « New 
Orleans + New York « Pittsburgh « St. Louis « San Francisco « Seattle « Toronto 
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STRUTHERS-DUNN, Inc. 
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Table I—Compensating Factors 
for Typical Circuit 











R; R, —5V2 
(in thousands) (in thousands) 6Vy 
0 200 0 
1 210 0.026 
2 221 0.042 
5 259 0.118 
7 289 0.178 
10 343 0.286 
15 473 0.545 
20 700 1.000 
V, = 400 volts 
V2. = 300 volts 
Ves = 100 volts 
R, = R, = 100,000 ohms 











values of R,. Resistor R, is chosen 
so that V. = 300 v when V, = 400 v. 
It will be noted that with R, = 
20,000 ohms, 8V./8V, = —1, so that 
the percentage change of V. is equal 
and opposite to that of V,. 

An example of the application of 
this circuit is provided by a high- 
gain, wide-band, linear amplifier in 
which constant gain is desired. 
This requires a 0.1-percent increase 
in B+ for a 1.0-percent decrease in 
line voltage so that 6V./8V, = —0.1. 
Since for this amplifier V, = 450 v, 
V;: = Zee V; View = 106 V Shee 2 = 
200,000 ohms, compensation was ob- 
tained with R, = 449,000 ohms, 
R, = 9,800 ohms and R, = 200,000 
ohms. 

Of course, complete compensation 
is obtained only if the required com- 
pensating factor is constant over 
the range of line voltage for which 
compensation is desired. Though 
this idea] situation cannot be real- 
ized, a high degree of compensation 
is obtained. 


Circular Nomograph for 
Percent Change 


By GARY LYNN SCHWENDIMAN 


Quality Coutrol Engineering Department 
Raytheon Manufacturing Company 
Newton, Mass. 


CLERICAL workers are said to learn 
quickly to use a_ percentage-of- 
change nomograph. It was devel- 
oped to compute percentage of 
change in characteristics of tubes 
when test conditions are changed 
or over a period of time. 

Such percentages are easy to 
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compute by simple arithmetic, with 
more conventional square-shaped 
nomographs or by slide rule. How- 
ever, if hundreds of items are read 
daily and a percentage must be 
computed for each, this nomograph 
has been found to save much time. 
It is faster than a calculator and 
faster and easier to teach clerical 
personnel than a slide rule. 

The use of a logarithmic scale 
on a circular form makes it usable 
no matter what the range or mag- 
nitude of the figures, since the scale 
is without beginning or end. Also, 
the circular form makes it possible 
to present scales on standard 84 
by 11-inch paper. To get equivalent 
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Percent change nomograph simplifies 
production-line computing 


precision on a standard three-line 
alignment chart would require that 
it be 30 inches long. 

The graph consists of two con- 
centric circular logarithmic scales, 
one on the outside and one on the 
inside of a circle. The inner scale 
is displaced clockwise 150 degrees. 
A series of smaller concentric 
circles represent differences ex- 
pressed as percentages. 

To use the nomograph, the oper- 
ator places a straight edge at the 
initial reading on the outer scale 
and on the subsequent reading on 
the inner scale. The straight edge 
will fall tangent to the smaller 
circle that represents the percent- 
age of change. In its present form 
it is only usable when the initial 
reading is greater than the final 
one and when the decrease is 25 
percent or less. However, the de- 
sign can easily be modified for 
other applications. 








ELECTRONICS engineering edition— January 3, 1958 








































Uniformity of Taylor Rolled Copper-Clad Laminates 
helps prevent shorts in printed electronic circuits 


Taylor Rolled Copper-Clad Laminates help prevent both shorts and open cir- 
cuits: shorts because the copper is free of lead inclusions; open circuits because 
the metal is free of pits and pinholes. They have such high uniformity that even 
lines only 0.002 in. wide, and only 0.004 in. apart, can be produced. These 
features also help prevent resistance buildup and other faults that cause failures 
in radios, television sets, and other electronic devices in home and industry. 

Production control at Taylor Fibre Co. is responsible for this highly uniform 
printed circuit material. Taylor has devised a unique method of bonding high- 
purity rolled copper to the base laminate—and keeping it securely bonded even 
under severe conditions of temperature, humidity and mechanical stresses. From 
this results the production of printed circuits of consistently high quality. 

This is only one of the many Taylor Fibre Co. prod- 
ucts that are meeting industry’s demands for improved 
materials with superior performance characteristics. If 
you require laminated plastics—in basic form or fabri- 
cated parts—contact the nearest Taylor sales office. Save 
time and money with the right source of supply. 


TAYLOR 


= Laminated Plastics 
Vulcanized Fibre 


TAYLOR FIBRE CO. Plants in Norristown, Pa., and La Verne, Calif. 





Actual size of printed 
circuit on Taylor Copper- 
Clad Laminate. The lines 
are only 0.002 in. wide 
and only 0.004 in. apart. 


* INTEGRATED MANUFACTURER AND FABRICATOR OF PHENOLIC, MELAMINE, SILICONE, 
EPOXY, COPPER-CLAD, AND COMBINATION LAMINATES - VULCANIZED FIBRE 


First and largest volume producer of rolled copper-clad laminates for printed circuits 
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Production Techniques 
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Spacing Jigs Hold Capacitors for Ladder Networks 


cw? O crD OC D Ss BD 


Metal ladder jig at top center is used with various plastic spacing Spacer in left hand slides into position between pins of jig in 
jigs like that at lower right to give correct positioning of compon- right hand. On bench are five other spacing jigs, one finished 
ents. Metal pins for leads are identified by punched letters on ladder assembly and three different inspection fixtures for check- 
cutcide strip. Inspection jig at left shows out-of-place leads at ing lead positions in finished assemblies. Flexibility cuts cost of 
a glance short runs 

















NEW TYPES OF JIGS now speed as- microwave telecommunications to guide workers in fixing the leads 


sembly of ladder-shaped stacks of equipment. to the strips. DE 
capacitors for series and parallel Leads are secured in plastic Because of the varied sizes and Fir 
resonant circuits at Lenkurt Elec- strips, forming miniature ladders shapes of the capacitors used, sm 


tric Co., San Carlos, Calif. Capaci- with the capacitors as crosspieces properly spacing them while secur- 
tors of various values are stacked and strips as sidepieces. This is ing the leads has been a problem. 
together to become parts of differ- done in universal laddering jigs Now provided are spacing jigs for 
ent filter networks for carrier and marked with coded lead positions each type of ladder, shaped to fit 





DESIGN TRENDS: Computer Circuit Board Handle 





Removable handle for printed circuit boards used in computers prepunched holes on edge of printed circuit board. In designing Ge 
avoids added weight and extra space taken up by fixed handles. handle for RW-30 digital airborne computer, guide pin was in- 
Boards are difficult to remove without handle. Handles are de- cluded in center. Test connector serves as guide on boards used 
signed by Ramo-Wooldridge Corp., Los Angeles, and made of in RW-300 digital control computer and in subsequent Ramo- 
paper-base phenolic laminate. Handle frame carries aluminum Wooldridge computers. Photo at left shows handle being placed 
gripper with steel spring. Four spring-loaded pins drop into four in gripping position. At right, circuit is withdrawn. 
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AT WORK ON THE MG-4 Fire Control System at the 
Autonetics Division of North American Aviation, Inc., 
at Downey, California, the General Electric Midget 
soldering iron has a man-sized job to do. In delicate 
assemblies like this, the Midget makes soldering easier 
because of its maneuverable, light-weight design and 
excellent heat control. Interchangeable tips, let operator 
tailor soldering to suit each job. 


DEPENDABLE G-E MIDGET IRON cuts costs of producing MG-4 risk of damage to adjacent parts. Finished assembly, above, is 
Fire Control Systems by reaching through maze of resistors, one of the MG-4 System components used on North American 
small wires, and tiny tubes quickly, easily, efficiently...reducing F-86K Sabre Jets. It helps the pilot find aggressor aircraft. 


Autonetics Cuts Sabre Jet Costs With 
General Electric Midget Soldering Irons 


NE MINIATURE 
SOLDERING IRON 


X-RAY VIEW 


RAPID HEAT TRANSFER is achieved IRONCLAD TIP needs no filing. And by NOW, GENERAL ELECTRIC offers this 

through a tubular heater located iniron- actual production-line test, a General new miniature iron...even smaller than 

Clad copper tip. Result: the General Elec- Electric Midget iron lasts up to ten times the popular Midget . . . for rapid solder- 

tric Midget’s heat efficiency is 90%. longer than an ordinary iron. ing of critical joints in congested 
areas . . . provides fast, efficient heat 

For more information write for GED-3553, G-E Midget Soldering Iron, Section 724-7, through a tubular heater in its tip... 

General Electric Company, Schenectady 5, N. Y. weighs less than 174 ounces, Cuts opera- 
tor fatigue, improves efficiency. 


GENERAL @@ ELECTRIC 
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MEMO 
TO Descguers of Electronic Equipment 


NOW YOU CAN REPLACE ALL OF THESE COMPONENTS 





a 


Shown approx. 3 size 


WITH A SINGLE HYCON EASTERN CRYSTAL FILTER 





Shown approx. 3 size 


AND REDUCE WEIGHT, SAVE SPACE, 
IMPROVE PERFORMANCE AND RELIABILITY 


It will pay you to investigate how this unique component can 
improve performance and reduce costs of your communications 
equipment. Hycon Crystal Filters make possible single conver- 
sions in AM and FM receivers while retaining the important 
advantages of double and triple conversions. These units permit 
excellent reception in the presence of strong jamming or in- 
terfering signals. Center frequencies are accurate to .001%. 
Insertion loss is 1/10 of other filtering methods. Aircraft and 
guided missile environmental requirements are exceeded. Write 
for Crystal Filter Bulletin. 


HYCON EASTERN, INC. 


75 Cambridge Parkway Dept. A, Cambridge 42, Mass. 
Affiliated with HYCON MFG, COMPANY, Pasadena, California 
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into the univeral laddering jigs and 
properly position each capacitor. 
Individual inspection jigs for each 
type of ladder add certainty in 
checking proper lead placement by 


_ Showing misplaced leads at a 


glance. Misplaced leads will not 
slip into the notches in the inspec- 
tion jigs. 


Soldering Gun Uses 
Chassis Resistance 


By JOSEPH TARTAS 


Federal Telecommunication Laboratories 
A Division of 
International Telephone and Telegraph 
Corp. 

Nutley, N. J. 


HEAVY-DUTY SOLDERING guns will 
produce large amounts of heat al- 
most instantaneously in a small, 
normally inaccessible area when 
adapted to use the chassis as part 
of the path for heating current. 
The technique was. developed so 
that feed-through capacitors could 
be soldered into a miniature 
chassis having thin brass internal 
shield partitions. Excessive heat 











GUN 
TIPS BRASS 
x PARTITION 
WW 
a 
CHASSIS 
THROUGH ~~ 
CAPACITOR 
GUN«- 
TIPS 











Copper tips of soldering gun are shaped 
to make good contact with capacitor 
flange, partition or tube seam 


was banned since the partitions 
were soft-soldered. Torches, solder- 
ing irons and soldering guns as 
normally used proved unsatisfac- 
tory, even with special tips. 

A 100-watt gun proved insuffi- 
cient, but a 275-watt gun gave 
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satisfactory results. The regular 
tip was replaced with 2 pieces of 
No. 8 copper bus wire. The ends 
were filed to produce a flat contact 
area. The angle of the flats de- 
pends on the shape of the work be- 
ing heated. 


Operation 


The adapted gun_ successfully 
soldered the capacitors into the 
chassis. The chassis became hot 
enough at the mounting hole to flow 
solder in less than 30 seconds at 
the heaviest point. The shield par- 
titions required about 5 seconds 
each, 

A preformed ring of rosin-cored 
solder was placed under the capaci- 
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Comparison of heating times 


tor flange. The ring of solder also 
acted as a good visual temperature 
indicator. Only at two small spots 
where the tips contacted the 
chassis did excessive solder result. 
Placing the gun tips on the chassis 
underside improved the appearance 
of the chassis face. 

The gun used in this fashion has 
also proved useful in assembling 
high-frequency plumbing, making 
soldered connections close to thin 
contact-finger assemblies and mak- 
ing ground connections on a heavy 
chassis. 

Heating time depends on the 
length of the tips used, area and 
volume of the work, air motion 
around the workpiece and tip area. 
Distance between the tips is ad- 
justed by bending them. 


Precautions 


Preparation of the workpiece sur- 
face must be observed as is any 
other kind of soldering. Flux is nec- 
essary. Pretinning of tips provides 
best contact. Precautions must be 
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Ke Forced-Convection 
OVENS 


























solive the big problems 








Pyrex inner-doors 
ean be supplied for 
increased observation 


Aminco forced-convection ovens employ a motor-driven blower 
which produces movement of a large volume of heated air, horizon- 
tally across the work chamber. This, together with the circular ar- 
rangement of the heaters, results in uniform distribution throughout 
the entire work chamber. Air velocity is adjusted by means of a 
damper. Ovens are equipped with positive locking latches, adjustable 
perforated shelves, and a removable control panel. 


Complete information included in Bulletin 34-37Z 
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Agee ‘ 


The Century Model 409 Oscillograph was designed for oper- 
ation under the most adverse conditions, especially where 
space and weight considerations are limited. It is a miniature, 
compact unit incorporating many features found in larger 
models. Records faithfully during accelerations and shock in 
excess of 20 G’s. Its size and capacity make it especially de- 4 
sirable for use in missile launching, parachute seat ejection, 
flight test of helicopter and fighter aircraft and torpeda 








Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 
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taken to avoid heat damage to the 
gun’s transformer winding due to 
prolonged on-time. The operator 
must keep checking this danger un- 
til he becomes familiar with his 
gun’s ability. 

The accompanying graph shows 
the efficiency of a 275-watt gun 
used in this fashion compared with 
a 100-watt soldering iron. The 
tests were made on brass of vari- 
ous volumes. The heat range of 
363F and 500F includes the flow 
temperatures of 60-40 to 40-60 
solder. 


Dip Solder Machine 
Uses Solder Pumps 


By ALFRED S. KING 
and 
WILFRED H. HouGH 
Light Military Electronic Equipment Dept. 
General Electric Co. 
Utica, N. Y. 


A DIP SOLDER machine flexible 
enough to handle the wide variety 
of printed circuit boards required 
in electronics systems manufacture 
has been developed for small-run 
production of military electronic 
equipment. Operation is automatic 


Clean cabinet design, along with handy 
placement of controls and instruments, 
contribute to operating ease of new dip 
soldering machine 


after the board has been placed in 
an adjustable holding fixture. 

The machine has improved board 
quality and cut the reject rate by 
80 percent. Basic factors in the 
design include use of a retractible 
solder pump to achieve uniform 
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PUMP 4 
RETRACTING 
SPRING ~ —_ 








RESERVOIR 





' * 
; { AIR < 
FUNNEL PUMP CYLINDER 











) Air cylinder lowers pump into molten 
solder. When pump thermostat senses 
that solder in pump is molten, thermostat 
turns on pump to drive solder into funnel. 
Solder flows through baffles into pot to 
establish solder level 


2a 02 FF DO ee OS OO 





Solder pump is withdrawn to show pump 
outlet, at pencil tip. Solder inlet is in 
center, between dual bypass ports. Fail- 
safe springs at rear lift pump out of 
solder 


temperature distribution and 
solder level. 

A pneumatic-hydraulic device 
provides smooth entry and with- 
. drawal of the board. Translational 
board motion during the dipping 
cycle increases wetting and breaks 
solder surface tension. The hold- 
ing fixture can be rapidly changed 


Lt 


in to fit any size wiring board. Con- 
trol system and cabinet are human- 

rd engineered. 

- > Heat Control—To achieve good 

ale joints during dipping, temperature 

™m variation on the board surface and 














Now Measure 








from 100 microvolts to 320 volts 
REGARDLESS OF WAVEFORM 


with the Ballantine Model 320 Voltmeter 


— 


100 FANNY ROAD, BOONTON, NEW JERSEY 
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REPRESENTING: 





A distinctly new departure in VTVM design. 


FEATURING: 


A built-in calibrator; — easily read 5-inch log 
meter; — immunity to severe overload; — use- 
ful auxiliary functions. 


BRIEF SPECIFICATIONS: 





VOLTAGE RANGE: .. 2. cccccccce 100 microvolts to 320 volts 
DR CINE < oc vcccccccceues -..— 80 dbv to +50 dbv 
FREQUENCY RANGE:........ 5 to 500,000 cycles per second 
ACCURACY:.....00% 3% from 15 cps to 15OKC; 5% elsewhere 


Figures apply to all meter readings 

MAXIMUM CREST FACTORS: 5 at full scale; 15 at bottom scale 
CALIBRATOR STABILITY: .0.5% for line variation 105-125 volts 
INPUT IMPEDANCE:....10 Man and 25 wyf, below 10 millivolts 
10 Mn and 8 wf, above 10 millivolts 

POWER SUPPLY:......... 105-125 volts; 50-420 cps, 75 watt 
Provision for 210-250 volt operation 

DIMENSIONS: (Portable Model)....... 14%" wide, 10%" high, 
12%” deep—Relay Rack Model is available 

.WEIGHT:..... b0tce deseeetanuenaeee 21 Ibs., approximately 


PRICE: $425 


\Write for the New Ballantine Catalog describing this) 
and other instruments in greater details. 


BY. 
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At DAYSTROM INSTRUMENT 
we're “quick-change” artists, too! 


“Changes! Changes! Changes! And they expect 
me to meet schedule!’’ How many times have you 
heard your production manager plead for relief 
from the delay caused by engineering changes? 
At Daystrom, we haye made a special study of 
this complex problem with excellent results. Our 
manufacturing engineers can now place a change 
on the shop floor within a few hours after the 
change order is issued. 


Let Daystrom help you with your electronic or 
mechanical production requirements. Our manu- 
facturing specialists have the facilities and the 
tools to get ycur job done. 





Join our group of satisfied cus- 
tomers in the Armed Services 
and Industry for your produc- 
tion needs. At Daystrom reli- 
ability is a standard for engi- 
neering and production. 


DAYSTROM INSTRUMENT 





Archbald, Pennsylvania 
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temperature drop in the solder dur- 
ing board entry and withdrawal 
are kept at a minimum. Cooling 
solder is constantly replaced with 
hot solder. A pump moves the 
molten solder from the pot into the 
funnel, over the edge of the funnel 
and back into the pot. This permits 
faster cycling than would be pos- 
sible with a gravity flow reservoir 
and gives positive heat control. 


> Solder Pump—Gear, auger and 
centrifugal pumps were considered. 
The gear pump was discarded be- 
cause solid particles might cause 
it to seize. Solder slippage between 


SOLDER 
LOADING PUMP ~ 
POSITION noes 
ii. DIPPING WIPER 
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RECIPROCATING 
CYINDER 
AIR-OVER-OIL o~ >> 

CYLINDER ae 











Loading position of dipping frame is 
shown by dotted lines and dipping posi- 
tion by solid lines. Air-over-oil cylinder 
starts dipping mechanism and reciprocat- 
ing cylinder provides translational motion 


auger and sidewalls made an auger 
pump unsatisfactory. A_ suitable 
pump was obtained by reworking 
a vertical coolant pump. 

During trial runs, solder inside 
the pump hardened when the pump 
was withdrawn from the pot. Upon 
reentry into molten solder, a fur- 
ther deposit solidified on the pump. 
This meant a 5-minute delay when 
the pump was raised or lowered. 
If the pump started before the 
solder was molten, the shaft would 
seize. 

To overcome this, a thermostat, 
with its bulb located on the pump 
above the solder, was added. The 
initial dip still requires 5 minutes, 
but the pump can be raised and 
lowered without a 5-minute wait 
and seizing is prevented. The 
thermostat starts the pump after 
the correct temperature is reached. 

Pump bypass ports are located 
below the solder surface. This 
prevents solder from oxidizing dur- 
ing passage through air and avoids 
particles of hardened solder in the 
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WAVE 


Type FRA1 


FREQUENCY RANGE: 
20 cps to 16 ke/s 


3 BANDWIDTHS: 

2 8 25 cps 

1dBdown +1 +4 +12.5 — 
60 dB down +35 +55 +110 - 


VOLTAGE RANGES: 
100 pV f.s. to 1000 V f.s. 


ACCURACY: 
; Frequency: 1% + 1 eps 
x Board-holding fixture is made of black Voltage: 0.5 dB 
anodized aluminum and satin-finish stain- 
less steel. Finger-type holders (top) ad- 
1 just to length and hold front of board. 
One side holder (left) adjusts to width. 
The other two sides are fixed 





ANALYSER 

















1.5 ke/s output available for recording pur- 
poses. Direct reading + 25 cps incremental 
frequency dial. Main dial logarithmic from 
100-2000 cps, otherwise linear. Calibrated in 
volts and dB. Built-in oscillator for inter-mod- 
ulation measurements supplied on request. 


RADIOMETER 


72 Emdrupvej, Copenhagen NV-2, Denmark 











Represented in Canada by 
BACH-SIMPSON : London/Ontario 
Represented in the United States by 
WELWYN INT. INC. - 3355 Edgecliff Terrace, Cleveland 11, Ohio 
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A copy of this quick-reading, 8-page 
booklet is yours for the asking. It con- 
tains many facts on the benefits de- 


nit ees rived from your business paper and 
he pot. ail-safe mounting keeps ° ° 
or i fe pump out of the solder when tips on how to read more profitably. 


od. the pump is not running, prevent- Write for the “WHY and HOW 
ed ing damage. An air cylinder in- 7 

his Serts the pump and springs retract booklet. 
ire It. In case of power or air failure, 
‘ds the springs withdraw the pump. 


Board is slid down adjustable holding 
oS, track 


McGraw-Hill Publishing Company, Room 2710, 
330 West 42nd St., New York 36, N.Y. 





>Translational Motion—Relative 
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Here’s where you get the answers to your 
terminal problems and requirements: = 
This new Sealectro Manual lists hundreds of 





Toncan cusp ices, euneien, Sine, vette and 
money, and 
Sealectre “Press Ft" Fetleg 


This Manual tells you how. 


WRITE FOR YOUR COPY! 


Be sure you have this Manual at your fingertips. 
Let us have your specific problem or requirement 
for engineering collaboration and samples. 


_ Saye ‘o}-t-Te)-F-Gsle) | 


FAYETTE AVENUE -© MAMARONECK, N.Y 
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motion between board and solder 
improves joint quality. A recipro- 
cating air motor provides transla- 
tional motion. A time delay of 3 
second prevents splash ‘by separat- 
ing transport and translational mo- 
tion. 


> Operation—A snap-action 
switch is tripped as the board 
enters the solder. The switch starts 
the dip timer and furnishes power 





Board is ready for automatic dipping 
cycle after support fingers are snapped 
into position as shown 


to the reciprocating cylinder 
through the delay relay. The board 
comes to rest and the translation 
controls its motion. This time is set 
4 second behind the dip time to 
give the board a chance to come to 
rest before it is removed from the 
solder. 


> Fixture—To handle _ soldering 
for job shop production, the fixture 
is adjustable to a variety of board 
sizes. It prevents board warp by 
supporting all four edges. Projec- 
tions may extend beyond the board 
edge on one side and wiring may be 
within roth inch of the board edge. 

Two permanent rails, joined at 
right angles, provide support on 
rear and left side. The right side 
support is a movable rail, width- 
adjusted by sliding along tubular 
supports. Front support is pro- 
vided by fingers. 

The board is inserted in the fix- 
ture after width is set. The board 
is moved to the rear support. Sup- 
port fingers are snapped to a verti- 
cal position and the front support 
frame.is moved.forward until it 
holds the board. Boards of the 
same dimensions are handled by 
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moving the fingers up for removal 
and down for holding. 

Boards are fluxed and dried be- 
fore placing in the machine. The 
black anodized aluminum rack is 
wiped with a thin film of silicone 
grease to prevent solder from 


a 


Slurry of ceramic material is sprayed at 
high velocity on special metal mandrel 
which is slowly rotated by motor below 


NEW CERAMIC TECHNIQUES devel- 
oped. by Gladding, McBean & Co. 
of Los Angeles now make possible 
the manufacture of large high-alu- 
mina radomes which are mechani- 
cally strong, have high resistance 
to heat and erosion, and yet are 
transparent to radar waves. Ce- 
ramic radomes of this general type 
have already withstood heat and 
impact of reentry into earth’s at- 
mosphere after firing of high-alti- 
tude rocket. 

The technique begins with high- 
purity alumina which is mixed with 
a small amount of organic binder 
to provide strength before firing. 
This is made up in the form of a 
slurry and is sprayed at high ve- 
locity on a special metal mandrel. 

The whole assembly is then bagged 


clinging to the racks. 

The cabinet design gives the 
operator maximum protection 
while emphasizing quality by an 
efficient-looking appearance. Ad- 
justable legs keep the machine off 
the floor for easy cleaning. 


Ceramic Spray Produces Radomes 


After compacting in press, protective 
bag is removed and radome is taken off 
mandrel for firing and finish-machining 


and placed in a specially designed 
pressure reactor where it is sub- 
jected to a pressure exceeding 30,- 
000 pounds per square inch. 

At the completion of the compact- 
ing operation, the radome has suffi- 
cient strength so that it can be re- 
moved from the mandrel for a 
preliminary firing. The radome is 
then precisely machined on a lathe 
with a diamond tool to final shape 
and wall thickness. The machining 
makes allowance for the shrinkage 
which will occur during the second 
firing at temperatures above 3,000F. 

The end product is a radome 
which meets electrical, thermal and 
present dimensional requirements. 
Wall thickness is held to a toler- 
ance of plus or minus 0.001 inch, 
to meet bore sight specifications. 
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Industrial 
Series 1000 — 
External rings 


Industrial 
Series 2000 — 
External rings 


Industrial 
Series 3000 — 
Internal rings 


Industrial 
Series 3100 — 
External rings 





INDUSTRIAL 


RETAINING RINGS 
cut costs, 
simplify assembly 


Precision-engineered InpustRIAL Retaining 
Rings ... internal, external and open types 
-.. are available in a wide selection of sizes 
and finishes. Solve your fastening problems 
simply and economically with the rings 
that cut machining and tooling expense, 
save material, simplify and speed assembly. 
Series 1000 and 2000 are available stacked 
for quickest application. 


Write for free ring samples and catalog. 


Originators of 
modern retaining ring 
dispensing 


INDUSTRIAL RETAINING RING COMPANY 
Dept. E1, 57 Cordier Street 
Irvington 11, New Jersey 


CIRCLE 123 READER SERVICE CARD 









































NEW PRODUCTS 





INDUSTRIAL TELEVISION INC. 





Proves Boon to Avionics 


AsiLiry to monitor variables from a distance is a must in the aircraft 
and missile industries. Hence the great demand for telemetering equip- 
ment of all types. 

Industrial Television, Inc., Clifton, N. J., (275), is producing a crystal- 
controlled single-frequency receiver for telemetry and similar applica- 
tions. The transistorized unit is intended for applications requiring a 
low power drain receiver at frequencies up to 50 mc. It can be supplied 
with a resonant reed type output relay to permit selective control by tone 
modulation, or with standard audio output circuit delivery 100 mw. 

Now available at International Resistance Co., 401 North Broad St., 
Philadelphia 8, Pa., (276), is the series 70-2000 Compu-Tran pressure 
pickup. These pneumatic transmitters, } percent devices, convert fluid 
pressure inputs to exact electrical equivalents. Output is in the form 
of precision resistance proportional to the input pressure. High level 
signals may be used without amplification in control, telemetering, or 
remote recording circuits. 

Type 1231 high power telemetering diplexers have been announced by 
Hycon Eastern, Inc., 75 Cambridge Parkway, Cambridge 42, Mass. 
(277) They feed signals from two 100-w transmitters into a single missile 
antenna system, satisfy military requirements for use in test missiles 
and supersonic aircraft for telemetering. 

The Bristol Co., Waterbury 20, Conn., (278), has a multiple-printing 
strip-chart Metameter telemeter receiver. It will print out up to 16 
separate records from as many telemetering transmission centers. Using 
multiple-switching, it can monitor a large number of values from any 
distance necessary. The variables need not be all of one kind, but 
could be a combination of pressure, flow, temperature, liquid level and 
the like. 





For more information use READER SERVICE CARD 


Telemetering Gear Soars 


HYCON EASTERN 





Voltmeter-Calibrator 
Multifunctional unit 


Demotas Corp., Instrument Div., 
1550 No. Highland -Ave., Hally- 
wood, Calif., has developed a multi- 
functional instrument called the 
VOCA. It combines a precision 
differential null type potentiomet- 
ric voltmeter and calibrator for a-c 
and d-c and vtvm. The potentio- 
metric differential null type of 
measurements, once limited to d-c 
voltages only, can also be applied 
to rms sine wave voltages, and the 
built-in accurate and stable refer- 
ence standards are now available for 
calibrator functions. 

The VOCA can be used for cali- 
brating other types of instruments 
such as multimeter, vtvm’s, regu- 
lated power supplies and oscillo- 
scopes. For component, circuit test 
and design use the d-c and square 
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dership 
— protects 


yours... 


Our reputation as the world’s most Consistently Dependable 
producer of capacitors has been maintained for over 46 
years. But any reputation can be lost overnight. That’s why 
we resist the temptation to gain temporary advantage 
through methods that risk our reputation or yours. C-D’s 
Consistently Dependable products can mean PLUS dollars 
to you. 


Widest Choice of Impregnants and Dielectrics to meet your needs: 
More than a score of liquid and solid impregnating media 


and dielectrics, including Polystyrene, Mylar*, Teflon, met- 
allized paper and metallized Mylar, are readily available to 
meet your temperature, size and other circuit requirements. 
Operating temperature ranges from —40°C to +85°C and 
—60°C to +200°C. Whatever your capacitor problems, de- 
pend on Cornell-Dubilier to fulfill your needs most promptly, 
most economically and most satisfactorily. 


Write for catalog to Cornell-Dubilier Electric Corporation, 
South Plainfield, New Jersey. 


(*OUPONT TM) 


@ CORNELL DUBILIER CAPACITORS 


SOUTH PLAINFIELD, N. J.; NEW BEDFORD, WORCESTER & CAMBRIDGE, MASS.; PROVIDENCE & HOPE 
VALLEY, R. !. INDIANAPOLIS, IND.; SANFORD, FUQUAY SPRINGS @& VARINA, N. C.; VENICE, CALIF.; 
@ SUB.: THE RADIART CORP., CLEVELAND, OH!O; CORNELL-DUBILIER ELECTRIC INTERNATIONAL," ¥Y 
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wave reference voltages can be used 
to accurately determine circuit bias- 
ing levels and triggering levels with 
a very close accuracy as applied to 
component, vacuum tube and tran- 
sistor applications. 

A comprehensive accessory line is 
being offered, consisting of input 
probes to extend the frequency 
range over a wide spectrum from 
d-c to uhf; precision shunts for a-c 
and d-c current readouts; and a 
group of plug-in units to provide 
an extremely wide variety of out- 
put functions referenced against 
the precision standard accuracy and 
stability of the basic instrument. 
Circle 279 on Reader Service Card. 


y 


Zipper Tubing 
Reduces time and labor 


ALPHLEX TuBING D)vISsION OF 
AtpHa Wire Corp., 200 Varick 
St., New York 14, N. Y. Zipper 
tubing, a harnessing and cabling 
technigue constructed of polvvinyl- 
chloride plastic, is strong, flexible, 
durable and low-cost. Because it is 
supplied flat and open (the user 
zips it to close) no minimum orders 
nor expensive extrusion — set-up 
charges are necessary. Its ease of 
accessibility for wire changes, and 
its high versatility make it unex- 
celled for prototype work. It is a 
labor saving device for production 
applications. 

General purpose type 7IP-31 
meets MIL-I-631C specifications. 
Type ZIP-44 (Air Force approved) 
meets MIL-I-7444A (Amendment 
I) specifications. Standard wall 
thickness is 0.020 in. + 0.001 in. 
Alphlex zipper tubing can be sealed 
permanently with a liquid sealer. 
It is available in all put-ups from 
10 ft to 1,000 ft in clear or black, 
in sizes from } in. i-d to 4 in. i-d. 
Other factors are available to spe- 
cial order. Circle 280 on Reader 
Service Card. 


¢ 


116 











C-V Delay Lines 
Flexible and versatile 


Dicirronics Corp., Albertson 
Ave., Albertson, N. Y., announces 
continuously variable delay lines 
featuring infinite resolution, no 
sliding contacts and having a cali- 
brated delay accuracy of better than 
one percent. The temperature co- 
efficient is approximately 0.005 per- 
cent per deg C over a range of from 
— 40 C to + 85 C. The lines 
are externally terminated in char- 
acteristic impedance. Internal ter- 
mination is optional. The units are 
readily adaptable to servo systems 
and automatic tracking devices. 
They can be combined as required, 
with belt or gear drive. 

Standard models offer a range of 
from 0.06 — 0.10 psec (for the 
1R-.1-1000 model) to 3.30-5.00 
psec (for the 1R-5-1000 model). 
Impedance level is 1,000 ohms. El- 
ements of 500 ohms and 2,000 
ohms are available. 

Rise time for the 0.06 to 0.10 
psec delay element is 0.02 psec. For 
the 3.30 to 5.00 usec delay element 
the rise time is 0.40 psec. Other 
delay ranges are available on re- 
quest. Circle 281 on Reader Serv- 
ice Card. 





Test Clip Adapter 

Fits banana type jacks 
GrayHILt, Inc., 561 Hillgrove 
Ave., La Grange, Ill., has placed on 
the market a universal test clip 


adapter to fit all banana type jacks. 
It features spring-tension test clips 
on top for simplified testing of re- 
sistors, capacitors, germanium di- 
odes and similar lead wire type 
components. Banana jacks under- 
neath may be adjusted to satisfy 
any banana plug spacing from 
standard 3 in. centers to 1} in. 
centers. 

Nickel plated spring clips insure 
positive contact every time. The 
base is of electrical grade molded 
phenolic. Circle 282 on Reader 
Service Card. 








Splices/Ferrules 
One-piece construction 


AMP, Inc., Harrisburg 12, Pa. The 
new team of shielded wire splices 
and shielded wire ferrules gives 
faster, more compact splicing. The 
splice, between two shielded wires, 
is made by crimping the connector 
on the end of each wire with a 
recommended A-MP hand crimp- 
ing tool or appropriate power tool- 
ing. Grounding connections are 
made with the shielded wire ferrule 
and similar tooling. 

Color coding of both the con- 
nector and tooling assures correct 
match of wire, splice and tooling. 
Splices and ferrules are color coded 
to follow RETMA standards. 

A rectangular center ‘window in 
the connector assures positive wire 
depth in barrel and _ inspection 
ports at each end assure definite 
braid enclosure. 

Both splices and ferrules feature 
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Olrect FM Transmitters Crystal controlled 
215-235 megacycles. 125kc deviation. 
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®Trade Mark Registered 
“E’ CORE DESIGN . . . decreases effect of 


temperature and environmental conditions. 
Uniform performance unit to unit. 

SELF STARTING .. . utilizes diode starting 
network for positive starting under 

all operating conditions. 

DE-SPIKING NETWORK . . . prevents build- 
up of excessive voltages insuring long 
life and reliable operation. 
ACCESSIBILITY . . . plug-in design, 
transistors and similar components 
easily accessible for servicing 

and replacement. 

RELIABLE DESIGN . . . uses high 
temperature components, overload 
and short circuit protected. 






































= 
n 
STANDARD MODELS Y, 
Output regulation less than 5% for 25% load change. Units may be 
operated over wide range of input with proportional output voltage 
change. Ripple less than 0.2%. Conversion efficiency approximately 
80% (24V. units). May be operated in excess of 75°C but derate 
1 watt/°C for operation above 65°C. 
Model Input Output Output Output Size Weight Price FOB, 
No. VDC DC Current Watts, Max. Inches Pounds Factory 
1C617 6 150 75 ma 12 Cc 2.0 $95 
TCH 12 150 100 ma 15 Cc 2.0 115 
TC121 12 250 100 ma 25 D 2.7 125 
TC131 12 350 100 ma 35 D 2.7 140 
TC211 24 150 100 ma 15 Cc 2.0 115 
TC212 24 150 200 ma 30 D 2.7 125 
TC221 24 250 100 ma 25 D 2.7 125 
1222 24 250 200 ma 50 D 4.0 140 
TC231 24 350 100 ma 35 D 2.7 140 








Case Size, WxDxH Ins.: “C” 2-3/8, 2-3/4, 3-13/16; “D’ 2-5/8, 3-1/6, 4-1/4; 


Custom designs and additional standard model converters and inverters also 
available. Write for literature and quotations on special designs. 





Manufactured at ERA’s New and Larger facilities. 









Associates, Inc. 


67 Factory Place, Cedar Grove, N.J. 1" 790 


CIRCLE 54 READERS SERVICE CARD 
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one-piece construction. There are 
no loose pieces required to make 
the connection, thus bringing ap- 
plication time and costs to a mini- 
mum. Circle 283 on Reader Serv- 
ice Card. 





Video Termination 
For 75-ohm coax lines 


Tue Daven Co., Livingston, N. J., 
has developed a new video termi- 
nation for 75-ohm coaxial transmis 
sion lines. Type FR-300 termina- 
tion has the following characteris- 
tics: 

(1) A turret type lug at the rear 
of the termination provides a con- 
nection point for an oscilloscope. 
(2) Negligible reaction—less than 2 
deg phase shift—up to 250 me. (3) 
Deposited carbon resistor rated at 
4 w; accuracy, 1 percent. (+) Nom- 
inal resistance 75 ohms; other val- 
ues available on special order. (5) 
R-F resistance at 100 mc is within 
—1 percent of the d-c value. (6) 
Terminations are housed in stand- 
ard uhf type connectors. (7) Length 
is 2 in., and diameter, } in. Circle 
284 on Reader Service Card. 





Small Rack Cooler 
Big space saver 
McLEAN ENGINEERING LABORA- 


rorigs, P. O. Box 228, Princeton, 
N. J. Model 1 H 300 is a rack 
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‘mounted centrifugal blower type 








package, only 5} in. high with a 94 
in. panel width (2 to a regular 19 
in. rack if required). It is designed 
to cool electronic racks employing 
space saving miniature components. 
The blower delivers 100 cfm, is 
equipped with a large permanent 
type filter and a stainless steel grille. 

In conjunction with this unit a 
series of matching filter grille as- 
semblies is available. These have 
been developed as air outlets and 
to prevent the back flushing of dust 
when blower is not operating. Fil- 
ter acts as an r-f shield for electrical 
radiation. It may also be used as an 
inlet for filtered air if an exhaust 
fan is used. These assemblies may 
be mounted on the upper part of 
the cabinet—top, front or rear. 
Circle 285 on Reader Service Card. 











H-V Power Supply 


Low corona, low ripple 


Det Etecrronics Corp., 521 
Homestead Ave., Mt. Vernon, 
N. Y. This 0-30 kv d-c at 3 ma 
power supply features an oil im- 
mersed h-v unit with’ selenium 
rectifiers and filter to give 0.001 
percent ripple per ma. Output 
polarity is reversible by a plug-in 
arrangement. 

The control is rack mounted and 
provided with means of varying the 
output voltage from 0 to full 30 
kv d-c. An illuminated kilovolt- 
meter and a three-range illuminated 
microammeter are provided with a 
dimming control which varies the 
illumination from maximum to 
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THERMAL 
TIME DELAY 
RELAY 


” Sorensen DFCD 250-2AR 


\ or developed for 
‘ ‘ Arma Corporation 


Sorensen Specifies 
G-V Thermal Time Delay Relays 
",..to enhance reliability..." 


in this B-52 power supply control unit, developed by Sorensen & Company, a 
G-V relay serves as the initial time delay to protect functional thyratron circuitry. 
Another G-V relay recycles the equipment under overload conditions. Sorensen 
states that, “These G-V units enhance system reliability and extend life of 
thyratron tubes and all other circuitry’’. 


In both military and industrial equipment, G-V thermal relays are providing 
long, dependable, proven service in time delay applications, voltage and current 
sensing functions and circuit protection. 


Write for extensive application data 
and catalog material. 











G-V CONTROLS INC. 
24 Hollywoed Plaza, East Orange, N., §. 








































/ FM SIGNAL 


MARCONT 


GENERATOR 


Covers all Mobile Communication Bands 


The new Marconi Signal Generator Model 1066/1 meets all requirements 
for the design and maintenance of f.m. equipment in the range 10-470 
Mc. Here is the precision Marconi instrument for this exacting job. 


The oscillator works on fundamentals throughout and there are no 
spurious sub-multiple outputs ; its temperature compensation and fully- 
regulated plate and filament supplies give excellent frequency stability. 
A magnetically-biased ferrite frequency modulator ensures rock steady 
deviation characteristics. Other major features are the Marconi- 
patented contactless range turret and a 509 piston attenuator 
which is truly resistive. Engineers will appreciate the separate incre- 
mental frequency controls with meter calibration ; these enable precise 
f.m. carrier shifts of as little as 1 kc in 450 Mc without readjustment 


of main frequency control. 





“ MARCONI F.M. SIGNAL GENERATOR MODEL 1066/1 
Abridged Specification 


Frequency Range: 10 to 470 Mc in 
five bands — all on fundamentals. 
Better than 

25% per 10-minute —_—, after 
warm-up. Modulation: 0 to 20 and 
0 to 100 kc deviation monitored and 
amplitude 


Frequency Stability: 
0.00. 


continuously variable ; 
modulation to any de pth up to 409 


is also obtainable. Modulation Fre- 
quencies: ] and 5kc. Distortion due 
Less than 1%. Out- 
: 0.1 wV to 100 mV across a 502 


= etree. 


termination. Output Accuracy : In- 
cremental, 0.2 dB : within 2 dB overall. 
Leakage: Negligible ; allows full use 
of 0.1 u.V output. Incremental Fre- 
quency Controls: ‘ore wd + = 
ke. mare +5, Vit di5kc. Tub 
5Z4G, 6AK6, 6CD6 snes. 5861, 6C4, 
6L6G., 12AT7, OB2, 5651 
Marconi F.M. Deviation Meters 7910 
and 934 are companion instruments. 
ane for leafiet B/114A for full 
etails. 





MARCONI 
INSTRUMENTS 





Marconi 








111 CEDAR LANE - ENGLEWOOD - NEW JERSEY - Tel: LOwell 7-0607 


CANADA : CANADIAN MARCONI COMPANY 
MARCONI! INSTRUMENTS LTD 
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- ST. ALBANS - HERTS - ENGLAND 





TC 14 




















zero, so that the unit can be used 
in total darkness. An alarm circuit 
audibly warns of danger when the 
power is turned on, and an auto- 
matic h-v switch discharges the 
energy stored in the capacitors, 
when the power is turned off. 

The h-v unit is housed in a heavy 
gage steel oil tight tank with four 
age for lifting. It is 164 by 164 
by 224 in. high. Circle 286 on 
Rewer Service Card. 





Plastic Wrapping 
Spirally-cut 


AMP INc., Harrisburg 19, Pa. 
AMP-Spirap, a recently developed 
product of the company, and i 
application technique will speed, 
simplify, and obsolete many present 
time-consuming subassembly opera- 
tions. It is a unique, spirally-cut 
plastic wrapping that: eliminates 
tedious cable lacing, insulation 
damage, and pulling of wires 
through spaghetti tubing; is quickly 
applied to wire bundles of any size 
up to 34 in. diameter; permits in- 
dividual wires to be entered or led 
out at any point; is quickly un- 
wound to allow wires to be added, 
removed or relocated—thereby elim- 
inating the necessity for cutting 
into the cable bundle after assem- 
bly; holds wires together tightly, 
but permits flexibility for forming 
cable; and provides mechanical 
protection over entire length of ca- 
ble. 

Photograph (from upper left to 
lower right corner) shows: (1) 
Spirap being applied to an electri- 
cal harness. (2) The harness is 
completely wrapped (wires easily 
leading out at various points along 
the wrapping). (3) Spirap applied 
to a control panel. (+) Spirap ap- 
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plied to a wire bundle of 34 in. 
diameter. Circle 287 on Reader 
Service Card. 
i 
4 
Precision Resistor 
ls subminiaturized 
EASTERN PRECISION’ RESISTOR 
Corp., 675 Barbey St., Brooklyn 7, 
N. Y. The NS6AZ is a precision 
wirewound resistor measuring 0.125 
by 0.250. One in a line of over 
15 sizes encapsulated to meet MIL 
R93A characteristic “A” and MIL 
1. R 9444, they are available with 
d resistance values up to 125 K with 
ts tolerance to 0.1 percent. This 
d, resistor will dissipate 0.1 w .at 125 
at C with no derating. Circle 288 
a- on Reader Service Card. 
ut 
es 
yn 
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ly 
ze 
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od : 
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to 
1) Tape Head Preamp 
tri- Three-stage unit 
Pv Etecrro-Voice, INc., Buchanan, 
a Mich. Model 6010 magnetic tape 
ed preamplifier is a three-stage tran- 
Sistor preamplifier designed for 
r plavback use with magnetic tape 
J 5 
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LEACH 


balanced armature relays 


help you solve electronic 


circuit problems 


First proven in all types of advanced 
aircraft, Leach Balanced Armature relays 
are now solving the most exacting problems 
for systems designers. Exclusive balanced 
armature design eliminates faulty operation 
of contacts due to vibration and shock forces. 
Bifurcated contacts assure high reliability 
in contact-making circuits. You'll find that 
these unique relays outperform all other 
types in resistance to shock, acceleration 
and vibration. 


Jr 


9220... Balanced 
Armature relay. Rec- 
tangular configura- 
tion... with a variety 
of mountings and 
terminals available. 
Hermetic sealing is 
100% tested by mass 
spectrometer. 








Typical Ratings 

Normal operating voltages—6-115 vde, 115 vac 
(400 cycle), 4 PDT. 

Contact ratings @ 28 vdce or 115 vac single-phase 
Resistive — 3 amp @ 190°C 

—5 amp @ 85°C (dc only) 

Inductive — 1.5 amp @ 85°-120°C 
Motor Load — 1.5 amp @ 85°-120°C 

Rated duty — continuous 

Minimum operating cycles — 100,000 

Weight — 0.25 to 0.30 Ibs. 

Shock — 50 G’s 

Vibration — 10 G’s, 0-500 cps 

Applicable specifications — MIL-R-6106B, 
MIL-R-5757C 

Also available in units to meet the minimum 
current requirements of MIL-R-6106C 

We invite other special requirements such as 

microamp switching, high vibration and special 

mountings. 


See for yourself 

Write today for your copy of the 
Leach Balanced Armature Catalog 
describing relays for electronic 
and missile applications. 
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LEACH 


CORPORATION 
Leach Relay Division 


5919 Avalon Boulevard 
Los Angeles 3, California 





District Offices and Representatives in 
Principal Cities of U. S. and Canada 
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| Proof of Reliability 
/ and Versatility... 





TV SETS—17 PEC’s replaced over 
100 parts, simplifying assembly 
and improving performance. 


















AUTOMOTIVE — PEC provides PORTABLE RECORDER — PEC am- 
photo-multiplier tube socket and  plifier provides large recorder 
20 resistors in one unit. quality in miniature tape recorder. 


85,000,000 PEC’s’ 


used in the past decade... 


for these and many 
other applications 


Centealab 


ELECTRONIC ORGAN — PEC filter 
reduces sharp transient of keying 
to -give natural touch response. 











JET AIRCRAFT — PEC’s simplify ELECTRIC APPLIANCES — PEC in 
assembly of instrument panels... surface burner control finer se- 
guarantee circuit performance. lectivity of temperature. 


Centralab PEC’s — combining capacitors, resistors, inductors, and 
wiring in one compact sub-assembly — were originally designed for 
military applications. And due to their reliability and versatility, 
more than 85,000,000 have been used during the past ten years to 
guarantee circuit performance in countless electronic products. 
New developments promise even greater design flexibility for 
future applications. 


Centralab — originator and undisputed leader in PEC development 
— offers you modern facilities and 35 years of experience to provide 
the packaged electronic circuit your product design requires. Write 
for complete information on products and service. 


Ce A DIVISION OF 
i } : al } GLOBE-UNION INC. vaneen 
CRO ° 4 


In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario 


914A E. Keefe Avenue * Milwaukee 1, Wisconsin *Trademark (Packaged Electronic Circuits) 
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heads. The unit compensates to 
the standard NARTB curve + 0.7 
db from 20 cps to 20 ke. Gain 
at 1 ke is 42 db. Precision low 
noise resistors and selected tran- 
sistors assure unusually low noise 
output of only 400 xv, unweighted. 
Maximum output is 1.5 v rms. 
Input impedance is +0 K; output 
impedance is 15 K; operating 
temperature maximum is 40 C. 
[he unit is packaged in a 13 by 12 
by 2% aluminum can provided with 
an octal base for ease of installa- 
tion. Circle 289 on Reader Service 
Card. 








Splice 
Plus horizontal machine 


AMP, INc., Harrisburg 13, Pa. The 
AMPli-var splice with its automatic 
horizontal splicing machine is de- 
signed to produce up to 1,200 per 
hour identical, mass produced 
splices on enamel, polyvinyl acetal 
and similarly coated wire. AMPIi- 
var splices, with multiple ring 
stripping action, eliminate scraping, 
dissolving in solvents, burning or 
other methods of removing insula- 
tion. There is no heat damage as 
in other methods of splicing. The 
splice, scarcely larger than the wires 
themselves, is design-engineered to 
lock wires and connector into a 
high tensile strength splice. The 
joint is hermetically sealed during 
splicing, thus rendering it corrosion 
resistant. Soldering material and 
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equipment. are unnecessary; less 
wire and time are required, thereby 
lowering installed costs. AMPli-var 
splices can be used on solid or 
stranded conductors or combina- 
tions thereof, Circle 290 on Reader 
Service Card. 





Right Angle Drive 
Precision device 


Nationa Co., Inc., 61 Sherman 
St., Malden 48, Mass., introduces 
a new Blue Chip precision right 
angle drive intended primarily for 
remote operation of low torque 
units such as tuning capacitors or 
potentiometers. It may be used for 
continuous operation at low speeds 
with loads up to 50 in. oz. It will 
tolerate intermittent high speed 
operation (up to 500 rpm) with 
loads up to 100 in. oz. Backlash 
is less than 1.5 deg. Unloaded 
running torque is less than 24 oz. 
Gears are brass; shafts and bush- 
ings, stainless steel; housing, die 
cast zinc. Size is 4% in. long by 
6c: in. wide. Circle 291 on Reader 
Service Card. 





Microwave Couplers 
High directivity type 
THe Narpa Microwave Corp., 
Mineola, N. Y., has introduced two 
new series of high directivity cou- 
plers, of 3 db and 6 db values, with 


HI-VAC’s 


compact, multipurpose 
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ELECTRONICS engineering edition — January 3, 1958 


HIGH VACUUM 
BELL JAR UNIT 


. is unequalled in quality and performance —and unmatched in price ! 


HI-VAC’s Bell Jar Unit is ideally 
suited for vacuum evaporation of 
either reflective or non-reflective 
coatings for experimental and 
small piece production. 


Here are the reasons for its superiority: 


> HIGHEST ULTIMATE VACUUM 
Capable of continuous operation in 
the 10-° mm Hg range—anequalled. 

> HIGHEST PUMPING RATE 
Evacuates a clean, dry outgassed sys- 
tem to 0.1 micron in less than 3 min. 
— unequalled. 

> EXTREME VERSATILITY 
Because of its modular construction 
the unit readily adapts to a wide 
range of applications. 

> REQUIRES NO SERVICING 


. . . because of its unique construc- 
tion. 


q ADDITIONAL FEATURES OF 
HI-VAC's BELL JAR UNIT: 


i. Synthetic “O” rings are used to 
prevent outgassing. 


i * Diffusion pump and all high 

2 vacuum manifolding is of 
polished stainless steel —elimi- 

® nates rust, corrosion and out- 
gassing. 

§ ° High vacuum manifold is al- 
ways under vacuum — main- 

4 tains a “clean” system and re- 

' duces pumping time. 

a 

t 

i 


The unit is available in three sizes, 
with either a 520, 640 or 1800 
cfm diffusion pump. Each unit is 
housed in a modernly designed 
heavy-gauge steel cabinet . . . 25x 
23x38” high ... with a gray ham- 
mertone finish. Complete informa- 
tion available on request. 


HIGH VACUUM EQUIPMENT CORPORATION manufactures 2 complete line 
of standard vacuum metalizing units (up to 72” dia.); induction, resistance, and 
arc furnaces; pumping systems and related components. 


HIGH VACUUM EQUIPMENT CORPORATION aN 














MASSACHUSETTS™ 


































QUALITY 


at the Indium Corpora- 
tion of America means: 
purity of metals, and 
strict adherence to speci- 
fications. 


SERVICE 


means prompt delivery 
to customers, and techni- 
cal help in specific uses 
of INDIUM. 


RESEARCH 


means “forward look- 
ing” with respect to new 
products and new tech- 
niques. 






indium T 


WOE) 6SisS 


; e nQu@n@uw@—e 


Metallurgists and engineers in many industries are 
making startling advances through use of INDIUM in 
one or more of its various commercial forms. Even we 
can‘t begin to imagine the rapidly expanding range 
of applications. 








You may have a product development problem for 
which INDIUM might be the answer. Why not write 
us and investigate the possibilities? 


COMMERCIAL QUANTITIES AVAILABLE: 
@ Indium metal (specially refined 99.999% pure) 
Indium metal (99.97% pure) 
Indium wire e 
“Indalloy’ intermediate solders 


Indium pellets @ Indium spheres 


Indium powders @ Other high-purity metals 
Write Dept. E-1 for new INDIUM bulletin: 


“Indalloy” intermediate solders 


THE INDIUM CORPORATION OF AMERICA 
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1676 LINCOLN AVENUE UTICA, NEW YORK 


Since 1934 . . . Pioneers in the Development and 
Applications of Indium for Industry. 














six models in each category cover- 
ing the frequency range from 2.60 
to 18.0 kme. 

The new units, like the 10, 20 
and 40 db models, are multi-holed 
and consist of a primary and sec- 
ondary line with the coupling holes 
contained in a common wall. In 
the new series, this common wall 
is the broad wall and therefore per- 
mits a high degree of uniformity 
of coupling as well as a minimum 
frequency sensitivity to be main- 
tained in the unit. (In the 40 db 
models the coupling irises are in 
the narrow wall.) 

Standard cover flanges terminate 
both ends of the primary line. 
One end of the secondary line has 
a built-in low vswr termination to 
insure high directivity. The other 
end of the secondary arm is ter- 
minated with a standard cover 
flange. Circle 292 on Reader Serv- 
ice Card. 


Meter Multiplier 
For d-c voltages to 30 kv 


DEL 
Homestead Ave., Mt. 


Corr., 521 
Vernon, 
N. Y. An inexpensive voltmeter 
multiplier for d-c voltages up to 30 
kv consists of stabilized resistor 
immersed in high grade insulating 
oil. The assembly is sealed in a 
standard LA can and provided with 
a porcelain anti-corona insulator. 

The meter terminals are pro- 
tected with an internally connected 
glow discharge tube to prevent the 


ELECTRONICS 
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voltage at these terminals from ex- 
ceeding safe values if the meter 
should become disconnected. 

Designed for 110 wa meter move- 
ments, the accuracy is within + 2 
percent. A 4 in. panel meter cali- 
brated 0 to 30 kv for use with 
this multiplier is also available. 

Other units in the voltage range 
from 5 to 150 ky d-c can be sup- 
plied. Circle 293 on Reader Serv- 
ice Card. 





Tape Handler 
For digital computers 


Dicirronics Corp., Albertson 
Ave., Albertson, N. Y. Increased 
tape speed of 75 ips and 40 start- 
stop cycles per sec is now available 
in the new model 101 digital mag- 
netic tape handler. With suitable 
read head and reel adapters, the 
tape produced is compatible with 
IBM computers. 

A variety of models provides a 
wide choice of specifications. As 
few as 6 and as many as 20 tracks 
are available. Choice of tape speeds 
range from 2 to 75 ips. Complete 
remote control of start, stop, reverse 
and speed change functions is fur- 
nished as well as single or dual tape 
speeds as required. 

Two fast-acting solenoids press 
the magnetic tape against either of 
two continuously rotating capstans 
to start the tape in less than 5 milli- 
sec. Equally fast stops are obtained 
by dual braking solenoids that 
press the tape against stationary 
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no" ACESET’ 


MICRO-MINIATURE PRECISION WIRE-WOUND 


POTENTIOMETERS 


Greater Heat Dissipation 
2 watts at 60°C. 


IMMEDIATE DELIVERY 
in the following resistance values 


100 Ohms 1,000 Ohms 10,000 Ohms 
250 Ohms 2,500 Ohms 20,000 Ohms 
500 Ohms 5,000 Ohms 25,000 Ohms 


s 


ACESETS shown approx. '% size 
























2 oe 


Now you can select from nine different resistance values 
and improve the accuracy and dependability of your circuit 
performance. ACESET precision, wire-wound, micro-miniature 
potentiometers offer greater stability under temperature cycling 
through the use of 20 ppm temperature coefficient wire. Im- 
proved performance at lower costs have been achieved by mass 
producing to standard specifications. Shipments are guaranteed 
within 24 hours of receipt of order. Call, wire or teletype Dept. 
F at Ace Electronics Associates, Inc., 99 Dover Street, Somer- 
ville, Mass. SOmerset 6-5130. TWX SMVL 181 





MECHANICAL SPECIFICATIONS 


One piece precision-machined metal case 


ELECTRICAL SPECIFICATIONS 


Heat Dissipation: 2 watts at 60°C. 
Voltage breakdown: 1,000 VDC 


Electrical Angle: 325° nominal 


Passivated stainless steel shaft 
Self-contained locking device 

Panel anti-rotation pin Temperature coefficient of wire: 20 ppm 
Mechanical rotation: 330° nominal Resistance tolerance: + 10% 


Size: 2” diameter x 4" body length Linearity: +5% 











ELECTRONICS ASSOCIATES, INC. 


*TRADEMARK APPLIED FOR 


ACESET® 
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ACEPOT® ACETRIM* ACEOHM® 




















































LAPP COOLING 


GIVES LONGER LIFE 


TO HIGH-POWER 


TUBES 





WATER-COOLED 

Carrying cooling water which must undergo a change in potential is a 
job best handled by Lapp Porcelain Water Coils. These coils are completely 
vitrified, non-absorbent porcelain, white glazed inside and out, providing 
very low resistance to water flow and eliminating all possibility of contamina- 
tion in the water. Assuring positive cooling and long tube life, a Lapp Porce- 
lain Water Coil installation represents a permanent investment—a completely 
trouble-free cooling system. 


AIR-COOLED 


. Use of Lapp standard-design 
tube supports facilitates circuit design, improves production economy, pro- 
vides interchangeability and easy replacement. They are compact, efficient 
and attractive in appearance, with 
polished nickel-plated brass hard- 
ware permanently attached to the 
body. Equipment manufacturers will 
realize a triple service from these 
supports, for they support the tubes 
and act as an insulator, and channel 
air over the fins for maximum cool- 
ing of tubes. 


















WRITE for Bulletin 301 containing 
complete description and specification 
data. Lapp Insulator Co., Inc., 

138 Sumner Street, Le Roy, New York. 











capstans as it is released from the 
driving capstans. 

The extreme reliability and pre- 
cision required by digital com- 
puters results from use of magnetic 
amplifier reel servos and the dou- 
ble-shielded ball bearings used 
throughout. Circle 294 on Reader 
Service Card. 


ac CO. MINE paOOk te 





VIVM 
For wideband use 


Kay Exectric Co., Maple Ave., 
Pine Brook, N. J. The Microlter, 
a new stabilized vtvm without feed- 
back for wideband accuracy to 50 
mc is available. The unit employs 
new stabilizing techniques to sup- 
plant the previously used feedback 
arrangement and overcome its at- 
tendant frequency limitations. As 
a result, the Microlter achieves 
performance standards at high fre- 
quencies hitherto unattainable ex- 
cept by highly complicated combi- 
nations of narrow band tuners or 
by heterodyne techniques. 

The Microlter permits the meas- 
urements of low-level r-f signals 
down to 250 pv. Its 7-position 
switch provides full scale steps of 
1, 0.3, 0.1, 0.03, 0.01, 0.003, and 
0.001 v to provide an easy-to-read 
meter scale. 

This instrument can also serve 
as a wideband video amplifier 
with a maximum output of ap- 
proximately 0.25 v at 75 ohms and 
gains of up to 40 db. 

Frequency range is 100 cps to 50 
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mc. Accuracy is +10 percent of 
full scale reading. Frequency re- 
sponse is +1 db. Voltage range is 
1 mv to 1 v full scale in 7.ranges. 
Circle 295 on Reader Service Card. 





Integrator 
For data reduction 


ALLEGANY INSTRUMENT Co., INc., 
1091 Wills Mountain, Cumber- 
land, Md. Model 270 integrating 
system accepts analog voltage sig- 
nals, digitizes by heterodyne tech- 
nique, and integrates area under 
signal curve by counting at rate of 
10,000 per sec for high resolution 
of transient phenomena. Integral 
can be total area under curve, area 
above a preselected signal level, or 
area under curve for a preselected 
time interval. Both integral and 
elapsed time are displayed digitally. 
The instrument provides highly ac- 
curate measurements of energy by 
integrating power vs time, impulse 
by integrating force vs time. Circle 
296 on Reader Service Card. 





Pulse Timer 

For delay measurement 
TeLerronics Laporarory, INc., 
5+ Kinkel St., Westbury, L. I, 
N. Y. Designed primarily for the 
accurate measurement of delays in 
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look what *@@2°2 buys 


in test equipment! 


HEATHKITS 
GIVE YOU 
TWICE AS MUCH 


Yo Leni olaal-lehamiels 
every dollar 
invested 


Thef 


qr n J7A 
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Get the most out of your test equipment budget by utilizing HEATHKIT 
instruments in your laboratory or on your production line. Get high 
quality equipment, without paying the usual premium price, by dealing 
directly with the manufacturer, and by letting engineers or technicians 
assemble Heathkits between rush periods. Comprehensive instructions 
insure minimum construction time. You'll get more equipment for the 
same investment, and be able to fill your needs by choosing from the 
more than 100 different electronic kits by Heath. These are the most 
popular “do-it-yourself"’ kits in the world, so why not investigate their 
possibilities in your particular area of activity! Write for the free 
Heathkit catalog now! 








Contains detailed descriptions FREE catalog 
of Heathkit models available, 


including VTVM's, scopes, Mail coupon below for 
generators, testers, bridges, your copy—Now! 
power supplies, etc. 








HEATH COMPANY 
A SUBSIDIARY OF DAYSTROM, INC, 
BENTON HARBOR 14, MICHIGAN 




















Name 
Address 
i 

Also describes Heathkit ham Sity_& Zone 
gear and hi-fi equipment in 
kit form. 100 interesting and State 
profitable ‘‘do-it-yourself*' 
projects! 









































Fastest 
fully automatic 


toroidal 
coul winder! 


World’s fastest winding machine with 
automatic core rotation... 


... produces uniform coils 


automatically 


Winding compact, uniform toroids quickly 
is no problem with this machine. Boesch 
TW 200 has an automatic core holder and 
rotating assembly that eliminates any man- 
ual coil handling during winding. The 
result? Every coil is wound evenly; each 
toroid is an exact duplicate of the previous 
design. What’s more, this easily-operated 
machine winds all types of magnet and filar 
wire including silk, cotton and Teflon 
or sleeve covered wire . . . operates at fixed 
or variable speeds . . . produces toroids 
with .218” ID through 5” OD in AWG 
#20 through #42. Get full details on the 
Boesch Automatic Coil Winder and all 
Boesch machines today. Write for Catalog 
57A now. 


Boesch Automatic and 
Semi-Automatic ma- 
chines feature inter- 
changeable shuttle 
equipment, easily adapt- 
ing them to all your 
winding needs . . . one 
of many advances pio- 
neered by Boesch. 









BOESCH MANUFACTURING 
COMPANY, INCORPORATED 


DANBURY, CONNECTICUT 


Comparison is the best test of excellence. See for yourself why 
Boesch manufactures the world’s most superior winding machines. 
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radar applications this instrument 
differs from conventional time de- 
lay generators in that it uses one 
pulse chain to produce both fixed 
and delayed pulse. 

Jitter of less than 0.001 psec is 
obtained in this design, and delays 
of up to 10,000 psec can be 
measured with an accuracy + 0.01 
psec. Time is read directly from a 
combination of decade counters 
and digital dial. 

Mechanically the instrument is 
a full size module of the TLI 
modular instrumentation system 
and therefore may be used with 
the modular system stack pedestal 
for bench mounting or rack 
mounted with the modular rack 
adapter. Circle 297 on Reader 
Service Card, 





True Motion Radar 
For shipborne use 


Decca Rapar, Inc., London, Eng- 
land. The TM.46 true motion ra- 
dar displays the radar picture so 
that the true movements of all 
vessels, including that of one’s own 
ship, can be easily and unambigu- 
ously assessed by inspection of the 
scope. Unlike the former systems 
where one’s own ship appears con- 
tinuously at the center of the radar 
scope and the movement of other 
echoes is relative, true motion pres- 
entation shows one’s own ship 
moving across the display at_ its 
correct course and speed and the 
movement of all other echoes is 
true. 

Advantage of true presentation 
is that information on other ships’ 
true course and speed is available 
directly from the radar scope. In 
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the open sea, particularly when a 
“close quarters” situation is de- 
veloping, this information gives 
the navigator an immediate appre- 
ciation of what is really happening 
in the vicinity of his ship. In 
close waters the radar picture is 
similar to that observed at a shore 
base radar station and even on a 
complicated situation the move- 
ments of all vessels can be readily 
assessed. Circle 298 on Reader 
Service Card. 





Test Generator 
For VOR equipment 


TELEcTRO INpustriEs CorpP., 35-18 
37th St., Long Island City 1, N. Y. 
Model TA-1040 is designed to pro- 
vide standard signals for accurate 
testing and calibrating VOR equip- 
ment. Standard signals available 
from the generator are a 30-cps 
variable-phase signal and two fre- 
quency-modulated signals (test and 
auxiliary). Each of the f-m has a 
mean frequency of 9,960-cps modu- 
lated by a 30-cps sine wave (refer- 
ence phase signal) having a devia- 
tion ratio of 16. With the 
9,960-cps signal as center frequency, 
the swing is + 480 cps. 

Phase relationship between the 
30-cps variable-phase signal and the 
teference-phase f-m signal on the 
9,960-cps carrier is continuously 
adjustable from 0 to 360 deg. This 
simulates the corresponding VOR 
course. Adjustments are made by 
an accurately calibrated dial and 
vernier arrangement on front panel. 

Overall dimensions are 153 in. 
high; 144 in. deep; 19 in. wide. 
Total weight including cables is 
51 Ib. Circle 299 on Reader Serv- 
ice Card. 
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OPERATIONAL 


AMPLIFIER STABILIZED 
BY AIRPAX CHOPPER 


WidezBand Directly Coupled Amplifier 





lai such as operational 
amplifiers in large-scale analog com- 

puters and controllers and in wide-band 
instruments like oscilloscopes require 

wide-band (rapid) response, 

highly stable null, and 

low zero Offset. 
These characteristics are achieved by using 
Airpax Type 175 choppers in amplifiers 
built by George A. Philbrick Researches, 
Inc., Boston 10, Massachusetts. 


A conventional operational amplifier 
provides wide-band response. A chopper 
stabilizing amplifier connected in tandem 
with this amplifier counteracts any tendency 
for the null to drift from zero. Selected or 
matched components are unnecessary in 
the stabilizing amplifier; with the mechanical 
modulator, no manual null adjustment is 
necessary. When stabilized in this manner, 
the drift of the operational amplifier is 
typically less than 100 microvolts. 







Airpax Products Co., Cambridge Division, Jacktown Rd., Cambridge, Maryland 


CHARACTERISTICS 
OF TYPE 175 CHOPPER 


Airpax 60-CPS chopper Type 175 
is a miniature unit with permanently 
adjusted SPDT BBM contacts. 


DRIVE 


Frequency .. 60 +3 CPS 
Voltage ....6.3 +0.6 RMS volts 


CONTACTS 


Dwell Time . 167 +10 electrical deg. 
Balance .... within 15 electrical deg. 
Phase Angle 20 +5 electrical deg. 
Voltage .... up to 100 DC volts 
Current .... up to 2 MA 

Noise ...... 50 microvolts average 


Hermetically sealed for trouble-free 
operation in any atmosphere; 
internal mechanism rigidly mounted 
to withstand shock and vibration 
encountered in portable and 
laboratory equipment. 
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WWV-WWVH 
signal with the 


chick of a switch! 


MODEL WWVC FREQUENCY COMPARATOR ENDS 
“SEARCHING” FOR THE STRONGEST STANDARD SIGNAL 


This new tool can save you valuable calibration time. With it you can 
quickly find the strongest signal available at any moment from the 
National Bureau of Standards — without searching. 


A five-position dial switches precisely to any standard frequency — 2.5, 5, 
10, 15 or 20 MC — each crystal controlled. Built-in oscilloscope and speaker 
make measurements easy. Model WWVC includes comparator function 
selector, Collins plug-in filter for high selectivity, automatic gain and volume 
controls, and adjustable threshold control which eliminates noise and other 
modulation in tick position. 
Calibrate any frequency 
accurately and guickly 
with the Model WWVC. 
Write for Bulletin C-1. 





MODEL WWVC standard frequency comparator 


m SPECIFIC PRODUCTS 


p.o. box 425; 21051 Costanso, Woodland Hills, California 
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MATERIALS 


Copper Foil. The American 
Brass Co., 75 Liberty St., Ansonia, 
Conn., has released an 8-page illus- 
trated booklet suggesting com- 
mercial applications of copper foil. 
Its electrical applications, such as 
electrostatic shielding and printed 
circuitry, are included. Circle 351 
on Reader Service Card. 


Custom Molded Teflon. Sparta 
Mfg. Co., Dover, Ohio, has pub- 
lished a 4-page brochure covering 
their patented process of custom 
molding parts of Teflon in thin 
sections and shapes. Circle 352 on 
Reader Service Card. 


Plastic Molding Compound. 
Technion Design & Mfg. Co., Inc., 
262 Mott St., New York 12, N. Y. 
Bulletin 113 describes Speedi-set 
plastic molding compound, a new 
single component thermosetting 
flexible plastic used in making 
molds for casting cold setting 
ceramics and plastics. Circle 353 
on Reader Service Card. 


COMPONENTS 


AN Connectors. Hermetic Seal 
Corp., 29 South Sixth St., Newark 
7, N. J. A simplified guide for 
selecting and specifying hermetic 
seal glass-to-metal AN connectors 
for military and commercial appli- 
cations is contained in a 16-page 
catalog, No. 657 C. Circle 354 on 
Reader Service Card. 


Carbon Pile Rheostat Elements. 
Speer Carbon Co., St. Mary’s, Pa. 
A wide range of carbon disks, plates 
and pile assemblies for all types of 
carbon pile rheostats and similar 
control units are discussed in a 
five-page bulletin, No. 6AE, now 
offered. Circle 355 on Reader Sery- 
ice Card. 


Germanium Component Recti- 
fiers. General Electric Co., Sche- 
nectady 5, N. Y. Bulletin GEA- 
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5773C, six pages, tells how to select 
and apply fan-cooled and blower- 
cooled germanium srectifiers. 
Tables, charts, line drawings and 
photographs are included. Circle 
356 on Reader Service Card. 


Hook-Up Wire Kits. Birnbach 
Radio Co., Inc., 145 Hudson St., 
New York 13, N. Y. Bulletin TK- 
120 covers Teflon hook-up wire kits. 
The kits described offer ideal vari- 
ety of sizes and colors for the design 
and research engineer. Circle 357 
on Reader Service Card. 


Magnetic Shields. Magnetic 
Shield Division, Perfection Mica 
Co., 1322 N. Elston Ave., Chicago 
22, Ill. Data sheet 132 deals with 
Co-Netic low level magnetic shields 
which fit all 7 and 9 pin tubes and 
which eliminate magnetic interfer- 
ence and prevent magnetic hum in 
fields of 25 gauss or less. Circle 
358 on Reader Service Card. 


Printed Circuits. Sprague Elec- 
tric Co., North Adams, Mass. 
Technical Paper No. 57-3 contains 
a comprehensive guide to the ap- 
plication and design of Bulplate 
ceramic printed circuits. Circle 359 
on Reader Service Card. 


Reliable Controls. ‘The Hart 
Manufacturing Co., 110 Bartholo- 
mew Ave., Hartford, Conn., has 
published a new checklist of reli- 
able controls containing capsule 
information about the complete 
line of “Diamond H” relays, 
thermostats, rotary switches, range 
switches, motor controls and “‘snap- 
ins.”” Circle 360 on Reader Service 
Card. 


R-F Chokes. NYT Electronics, 
Inc., 2979 N. Ontario St., Burbank, 
Calif. Bulletin 125 describes 125 
C encapsulated chokes. The units 
discussed meet performance require- 
ments of MIL-C-15305A, Grade 1, 
Class B. Circle 361 on Reader 
Service Card. 


Silicon Switching Diode. Shock- 
ley Semiconductor Laboratory, 
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AUTOGRAF 


trade mark 
x-Y¥-@ RECORDER 


Hundreds of users of the Moseley AUTOGRAF, already familiar with the many 
advantages of this graphic recording instrument, will be pleased with the devel- 
opment of a new concept in versatility, the X-Y-@D Recorder. The AUTOGRAF 
X-Y-@ Recorder continues to offer the rugged construction, high accuracy, and 
stability of a laboratory instrument with the added feature of a built-in time base 
or sweep circuit. Without external attachments, the AUTOGRAF X-Y- @ Recorder 
will plot versus time any mechanical or physical function which can be reduced 
to electrical form. Available at finger-tip control are five calibrated time intervals 
from 5 seconds to 500 seconds for full scale X-axis pen travel. When the time 
base is not used, regular two-variable plotting may be accomplished as desired. 
Contact your regional representative or write for full information on this remark- 
able new instrument. Available in all models, bench or rack mounting. 


ee 2 _ 





Model 20 DC Voitmeter A servo- Model 60 Logarithmic Converter 
actuated electronic voltmeter with 60 db dynamic range; AC or DC; 
large, easy to read linear scale. 20-20,000 cps; with AUTOGRAF and 
Ranges from 3 millivolts to 300 appropriate signal generator autos 
volts. Available with digital output. matically plots gain-frequency 


characteristics. 





F.L. MOSELEY CO. 


409 N. FAIR OAKS AVENUE, PASADENA, CALIFORNIA 
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Now vary Alpha wire any way... 












with Alpha’s 
wire-processing facilities 
Alpha has the 


@ over 4,000-item warehouse stock 
@ machinery 

@ production know-how 

@ creative engineering 

to give you electronic wire and cable 
any way you wish it... with no 
minimum order and practically 
overnight delivery. For ANY in- 
stock or ‘“‘special’’ construction, 
you can depend on Alpha. Write for 
free Facilities Report FEé-1. 









for prototype 
or mass production. . 


striping 
marking and numbering 
cutting, stripping, tinning 
cabling 

shielding 

textile braiding 
harnessing 
assemblies 










... from prototype fo 
mass production for 
over 35 years 


APTA WIRE A 


Alpha Wire Corporation 
200 Varick St., New York 14, N. Y. 
Algonquin 5-5400 e TWX: NY-1-1152 
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Means More 


In MAGNETICS . . 


HERE’S WHY: 
® Reads 10 to 30,000 Gauss Flux Fields 
® Probe is only .025” thick 
® Active area .01 square inches 
© Net Weight 10-1/2 Ibs. 
© Power Supply 105-125 Volts, 50-60 Cycle 
© Overall size 13” high, 10-1/2” wide, 6-3/4” deep 

Precision built to give accurate flux density measurement and determine 

“flow” direction. The unit also locates and measures “stray fields,” plots 

variations in strength, and is ideal for checking production lots against 

a standard. Simple to operate, the D-79 gives no ballistic reading . . . 

doesn’t jerk or pull. Comes in protective carrying case. 


Write for literature—Dept. E-158 






1075 STEWART AVE 


DYNA-EMPIRE Ines" 


Ploneer 1-2700 
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Beckman Instruments, Inc., Moun- 
tain View, Calif. Recommended 
for application in sawtooth oscilla- 
tors, pulse generators, bistable cir- 
cuits, ring counters, and various 
switching circuits, the Shockley 4- 
layer npnp silicon diode is dis- 
cussed in a 4-page folder. Circle 
362 on Reader Service Card. 


Transistor Specification Chart. 
Industro Transistor Corp., 649 
Broadway, New York 12, N. Y., has 
published a specification chart for 
its line of transistors. Included in 
the chart is an interchangeability 
guide, enabling one to tell at a 
glance which particular Industro 
types may be interchanged for other 
standard transistor types. Circle 
363 on Reader Service Card. 


Wire-Wound Resistors. RCL 
Mfg. Co., New Jersey Ave., River- 
side, N. J. A 12-page illustrated 
folder gives selection data, ordering 
instructions, description and speci- 
fications for a line of precision wire- 
wound resistors. Circle 364 on 
Reader Service Card. 


EQUIPMENT 


A-C Ratiometer. Transformers, 
Inc., 200 Stage Road, Vestal, N. Y. 
Bulletin 204 gives uses, features, 
general description and _ specifica- 
tions of the a-c ratiometer which is 
accurate to five parts per million. 
Circle 365 on Reader Service Card. 


Airborne TV Transmission Sys- 
tem. Electronics Development 
Co., Inc., 3743 No. Cahuenga 
Blvd., No. Hollywood, Calif. Speci- 
fication sheets on the TX-108 air- 
borne tv transmission system are 
available. Circle 366 on Reader 
Service Card. 


Continuous Resistance Winder. 
Geo. Stevens Mfg. Co., Pulaski Rd. 
at Peterson, Chicago 30, Ill. A re- 
cent catalog page. gives full techni- 
cal details on model 209 fully auto- 
matic continuous resistance winder. 


Circle 367 on Reader Service Card. 


Edge Register Detector. Post 
Machinery Co., Beverly, Mass. 
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Model ER-1, designed especially to 
control materials manufactured or 
processed in a web form, is described 
and illustrated in a 2-page bulletin. 
Technical specifications are given. 
Circle 368 on Reader Service Card. 


Industrial Electronics. Robotron 
Corp., 21300 W. Eight Mile Road, 
Detroit 19, Mich. New ideas in 
electronics controls for industry are 
shown in a 12-page bulletin “In- 
dustrial Electronics for You.” Cir- 
cle 369 on Reader Service Card. 


Numerical Data Printers. Clary 
Corp., 408 Junipero St., San Gab- 
riel, Calif. Literature describing 
new stock models of parallel entry 
numerical data - printers for com- 
puters, production testing, data- 
reduction systems, and the like, 
is now available. Circle 370 on 
Reader Service Card. 


Scientific Instruments. Eldorado 
Electronics Co., 2821 Tenth St., 
Berkeley, Calif., has released a new 
short form catalog. Four instru- 
ments of special interest to the 
electronic scientist and physicist are 
briefly described and _ specified. 
Circle 371 on Reader Service Card. 


Transistor Inverters. Varo Mfg. 
Co., Inc., 2201 Walnut St., Gard- 
land, Texas, has prepared a booklet 
on its transistor inverters for con- 
version of d-c power to precision 
400 cps a-c power. Circle 372 on 
Reader Service Card. 


FACILITIES 


Flux-Dip Brazing. Waveline 
Inc., Caldwell, N. J., announces a 
4-page report on aluminum flux- 
dip brazing of waveguide and other 
electronic assemblies. Advantages of 
the process are listed. Circle 373 
on Reader Service Card. 


Infrared Reconnaissance. Engi- 
neering & Optical Division of the 
Perkin-Elmer Corp., Main Ave., 
Norwalk, Conn. A 12-page bro- 
chure describes what infrared is, its 
tole in aerial reconnaissance, its 
advantages, and how it can be used 
in conjunction with radar. Circle 
374 on Reader Service Card. 








OVER 7,000 ITEMS INST 
OVER 4,000 ITEMS IN’58 


MY Alpha... 
more than ever 
the industry's 
most complete 
“in stock’ 
wet wire line 
NEW free catalog pias Wen Sica ae 


Alpha Wire Corporation 
CE-1 re) ir aslele-iale) 
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new 


you obsolete 
freedom 


this primitive break-out 


in design, ng 
production 
and repair 
with 
ALPHLEX * 





ZIPPER 
TUBING? 


Alphiex Zipper Tubing is the 
modern way to harness, cable 

and protect wire. Just zip to close- 
and just zip to re-open! If you 
wish, permanent seal. Saves you 
time, labor, money. Strong, flexible, 
durable. Versatility unlimited 

Write for free catalog 


ALPHLEX TUBING 


1 Alpha Wir 


ALPHLEX! TUBING | 
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PLANTS and PEOPLE 








WU 


WEsTERN Union recently honored 
two of its pioneer engineers for in- 
ventions in the field of f-m carrier 
telegraphy. 

The 1957 d’Humy medal— 
awarded periodically for significant 
contributions in the telegraph art— 
went to F. Beaumont Bramhall (at 
left in the picture) and J. Edwin 
Boughtwood (right) for their re- 
search and basic inventions in the 
use of f-m carrier in commercial 
elegraphy. Three-inch bronze me- 
dallion, accompanied by a certifi- 
cate and cash award, was presented 
to each man by Western Union 
president Walter P. Marshall. Sev- 
eral hundred engineers and research 
people from the company and other 
firms witnessed the ceremony in 
WU’s auditorium. 

“The development of f-m carrier, 
which brought new stability and 
speed to telegraph transmission, 
was a monumental forward step in 
the progress of record communica- 
tions,” Marshall said. 

He pointed out that three out of 
every four miles of WU’s circuit 
capacity are carrier operated. The 
total of 3,370,346 miles of carrier 
circuits is enough to cross and re- 
cross the continent 1,300 times. 

“Carrier equipment,” Marshall 
added, “creates a large number of 
separate telegraph channels of 
superior dependability from a 
trunking facility such as a radio 
beam. This makes it unnecessary 
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Honors Pioneers 


to construct millions of miles of 
additional wire plant.” 

The award was made to Bought- 
wood for “fundamental scientific 
explorations and basic inventions 
in the field.” Bramhall received 
his award for “‘contributions to the 
art of f-m carrier telecommunica- 
tion, and for technical direction 
leading to its wide adoption.” 

The d’Humy medal was estab- 
lished in 1956 by Western Union 
in recognition and commemoration 
of the achievements of the late 
Fernand d’Humy, at one time a 
WU vice president and director. 


Stavid Opens 
New Plant 


MANUFACTURING operations of 
Stavid Engineering Inc., Plainfield, 
N. J., move into a new 65,000-sq 
ft building designed for the pro- 
duction of missile guidance systems, 
radar equipment and allied elec- 
tronic systems. New manufactur- 
ing building, next to the firm’s 
administrative and development 
headquarters, ups total plant space 
to 160,000 sq. ft. 

Expansion results from increases 
in Stavid’s government business. 
Recent intra-company shift of em- 
phasis advances the firm from a 
strictly R&D outfit to one whose 
research and manufacturing activi- 
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ties are about equally divided. 

There’s method behind Stavid’s 
moves: Defense Department trends 
indicate more contracts for firms 
that can both develop and produce 
electronic gear. 


GE Promotes 
Two Engineers 


Genera Electric’s light military 
electronic equipment department 
gets two new engineer-managers as 
Jack W. Giles and Wilham H. 
Roadstrum move up. 

Giles takes over as manager of 
the newly formed electronic coun- 
termeasures systems engineering 
subsection. Roadstrum heads the 
new missiles systems engineering 
subsection. 

Establishment of the two subsec- 
tions reflects an increasing need for 
engineering specialization for con- 
tinuous development and _ produc- 
tion of airborne electronic equip- 
ment and systems. 


Epsco Sets Up 
Systems Group 


Bosron’s Epsco Inc. is forming a 
new advanced systems design 
group. The group will be responsi- 
ble for analyzing customers’ systems 
requirements, working out economi- 
cal approaches consistent with re- 
liability, accuracy and other per- 
formance specifications. 

The new setup will comprise 
some of Epsco’s senior engineers. 
Senior product analyst will be Bruce 
K. Smith, one of the design engi- 
neers on such computer projects as 
the USAF’s FLAC and Remington 
Rand’s Univac Magnetic Com- 
puter. Senior field engineer is John 
N. Cullen, who provides strong 
background in instrumentation to 
the group. 

A third key member is Eli An- 
fenger, whose background is in 
computer linkage equipment and 
in the design of the Addaverter, a 
multichannel computer link _ re- 








cently placed in operation on the 
west coast. 

Rounding out the group is Irwin 
M. Stone, senior applications engi- 
neer with broad experience in high- 
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TWO channels for ONE 


with NORTHERN RADIO... 
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This Twinplex communication system: makes possible oa 
2-channel radio circuit whereby 2 non-synchronous or syn- 
chronous telegraph transmissions modulate a single radio 
carrier wave by causing the carrier to assume one of four 
specific frequencies with 400 cps separations. 


The transmitting equipment consists of the Twinplex Com- 
biner Type 177 Model 1 and an RF Frequency Shift Keyer 
such as the Northern Radio Type 105 Model 4. The Com- 
biner converts the four possible conditions of two tele- 
graph signals (M1-M2, M1-S2, S1-M2, $1-S2) respeetively 
into one of four voltages related in a 0-1-2-3 manner. 
The Combiner output voltage modulates the FS Keyer. 


The receiving equipment consists of the Twinplex Con- 


| verter Type 178 Model 1 and a single or diversity receiver 


AT ON 


+ provide 2 channels of FS 
communication with existing 
single channel transmitter 
and receiving facilities— 
with performance compar- 
able to the existing single 
channel system 


ceiving System. The Converter demodulates and d separates 
the four audio tones from the radio receiver(s) into two_ 
channels each carrying the originally transmitted intelli- 
gence. The Twinplex Converter replaces the standard FS 
Converter for this purpose. 


The two telegraph channels provide the same operational 
flexibility as that of two separate single channel FS sys- 
tems. One can, for example, simultaneously use channel 
#1 on 60 wpm teletype ond channel #2 on high-speed 
Morse or Time Division Multiplex. It further permits the 
reception of channel #1 signals on all standard FS con- 
verters (tunable to 400 cps shift} without need for a Twin- 
plex Converter: this is valuable for “Forked Cirevii Op- 
eration’ where the intelligence of channel #1 is intended — 
for pick-up by other receiving stations which are not 
equipped for Twinplex Reception in addition to the main 

receiving stations wales gre so ee Reception | 

pope ase Molar 





Write 

for 

complete 
information. 


* Frequency Shift Keyers 

* Master Oscillators 

* Diversity Receivers 

* Frequency Shift 
Converters 


* Multi-Channel Tone 
Systems 


* Radio Multiplex 
Systems 

* Tone Keyers * Tone Filters 

* Demodulators * Line Amplifiers 


* Monitors 





Norreenn RADIO COMPANY, in 


i ne a a ee 


NEW YORK 11, NEW YORK 


He) 


* Twinplex Equipment 


IN CANADA: Northern Radio Mfg. Co., Ltd., 1950 Bank St., Billings Bridge, Ottawa, Ontario. 
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of Direct-writing 
Graphic Instruments 


Product Representatives in Most Principal Cities 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 
DEPT. E93, P. O. BOX 596, INDIANAPOLIS 6, INDIANA 


CIRCLE 91 READERS SERVICE CARD 


AC, DC and DC Milliammeters 
AC-DC Kva and Varmeters 
Ammeters Speed 
Voltmeters Pressure 
Wattmeters Vacuum 

Frequency Operation (20 pen) 


Power Factor 


With the largest selection of chart drives: 


Hand-wound Spring 
Motor-wound Spring 
Synchronous Motor 


Ask for Catalog No. 657 


Contact-Making Instruments 


Selsyn, Phantom 
External! Motor 
Attachments 



























Earn Extra Income 


LAMPKIN LABORATORIES 


in MOBILE-RADIO 
3, MAINTENANCE! 


it’s now a big. business 
(650,000 installations) .. . 
fast-growing (70% increase 
just last year) . . . special- 
ized... and high-paying! 


manufactur- _ 
Micrometer 


INC. 


nstruments Div., Bradenton, Fla 





At no obligation 10 me please send “HOW | 
TO MAKE MONEY IN MOBILE-RADIO MAIN- | 
TENANCE.” 
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HERMETIC SEALING 
¢ EPOXY PREFORMS 
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speed analog-to-digital conversion 
devices and data-acquisition  sys- 
tems. 

Meanwhile, Epsco hires Dan- 
forth W. Comins away from Cam- 
bridge Thermionic Corp., moves 
him in as general manager of the 
components division. 


arene a ON ee ee RR 





Eldorado Adds 
to Tech Staff 


Jumpinc feet-first into the nuclear 
instrument field, Eldorado Elec- 
tronics Co., Oakland, Calif., ap- 
points Zoltan Tarczy-Hornoch (pic- 
ture) as senior staff member of the 
engineering department. 

Tarczy-Hornoch will direct ex- 
pansion of the firm’s products in 
areas of ultrahigh-speed nuclear 
spectrometry, scaling and time- 
measuring instrument systems for 
nuclear research. 

The Hungarian scientist was 
once associated with the Central 
Research Institute for Physics in 
Budapest, as chief engineer of the 
electronics research laboratory. 


Philco Ups 
Researchers 


APPOINTMENT of William H. For- 
ster as director of research for the 
newly formed solid state electronics 
department of Philco’s research 
division has been announced. 
Carlo V. Bocciarelli was moved 
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AN INVITATION 
TO JOIN ORO 


Pioneer In 
Operations Research 


Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak- 
ing. It employs the services of 
mathematicians, physicists, econo- 
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 


At ORO, a civilian and non- 
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 


No other Operations Research 
organization has the broad expe- 
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO’s research 
findings have influenced decision- 
making on the highest military 
levels. 


ORO’s professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien- 
tific capabilities. For example, staff 
members are taught to “‘program”’ 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 


ORO starting salaries are com- 
petitive with those of industry and 
other private research organiza- 
tions. Promotions are based solely 
on merit. The “fringe” benefits 
offered are ahead of those given 
by many companies. 


The cultural and historical fea- 
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Chevy 
Chase suburb in which ORO is 
located. Attractive homes and 
apartments are within walking dis- 
tance and readily available in all 
price ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARCH 
OFFICE [o®e] 


The Johns Hopkins University 


7100 CONNECTICUT AVENUE 
GHEVY CHASE, MARYLAND 














up as assistant director of research 
for the department, reporting to 
Forster. 

Forster has been associated with 
Philco’s research and development 
activities since 1943. Last year he 
was named associate director of 
semiconductor research. 

Philco also moved Allen C. 
Munster up to the post of associate 
director of research. He will work 
with James F. Koehler, who directs 
the research activities of the firm’s 
government and industrial depart- 
ment. 


IERC Sets Up 


Two Divisions 


In Burbank, Calif., International 
Electronic Research Corp. expands 
into the aviation instrument and 
equipment fields. Two recently an- 
nounced subsidiaries, to be oper- 
ated as IERC divisions, are Elec- 
tronics International, Burbank, and 
Aircraft Electronics, Long Beach. 

Electronics International will op- 
erate as a special products division, 
will produce precision power oscil- 
lators. The oscillator business fol- 
lows IERC’s acquisition of pro- 
prietary rights formerly owned by 
Pasadena’s Neucor Corp. 

Aircraft Electronics aims to 
provide private and executive air- 
craft with installation, modification 
and repair services for electronic 
equipment. The division will sell 
and service major brands of com- 
munications navigation radar and 
other electronic gear. 


Haydu Adds to 
Present Plant 


Facititres of Haydu Ekctronic 
Products Inc., Plainfield, N. J., are 
being increased by some 15,000 sq 
ft to meet growing demands for 
precision ‘instruments. Haydu also 
plans to increase its staff of engi- 
neering, production and technical 
people. 

The company is at present organ- 
ized into three operating divisions. 


Precision products and _ aircraft 
accessories division manufactures 
components used in computers, 
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Eclipse-Pioneer Division 
ation Corporation asked 
of resistors in network assembly. R.C.L 
went to work on the problem and pro- 
foltla-to Mo Malta. dela Molt 1-taslol tae lale i male 
atisfied rigid requirements but even 
little beyond! Now, through ne 
ive R. C. L. production method 


we have added network a 


ou ne of precision resistors 


These resistors aré wound, aged 


calibrated within plu 


cling tests which guarantee ac 
1 about R. C. L 
a complete 


wound power and precision 


SEND FOR 
COMPLETE CATALOG 


R. C. L. 
MANUFACTURING COMPANY 


New Jersey Ave., Riverside 1, N. J. 
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YOU CAN ALWAYS 


Pisis0 | 


INSULATED 
TERMINALS 
AND OTHER 
ELECTRONIC | 
COMPONENTS 


HERE’S 
WHY: 


We are specially equipped to 
furnish standoff and feed through 
terminals in a full range 

of materials and sizes. . . in 
economical quantity runs... from 
either our standard line or custom 
fabricated to your specifications... 
and deliver them promptly. 





Whitse Standoff Terminals 

are available in over 100 varieties ... 
fork, single and double turret, post 
and miniature types . . . male, 

female or rivet mountings . . . molded 
or metal base. They are molded 

from melamine thermosetting mate- 
rials for best electrical properties. 


Whitso Feed Through Terminals 
can be furnished as standard 
or to your individual 
specifications. 


Whitso Melamine Jacks 
ere electrically and mechanically 
designed for long, reliable service. 
A wide range of colors are 
available for color coding. 
Special colors can be supplied. 





Whitso Pointer Knobs, 
widely popular in military 
use, are readily suited to 
countless communications 
and industrial a , 
They are su 
attractive black shaailie 
with satin finish. 


Whitse Custom Molded Parts 
for electr hanical use include 





alkyds, glass reinforced alkyds 
and nylons. 

@ 
Get full facts on 


9328 Byron Street, Schiller Park, Illinois 
(Chicago SUburb) 
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guided missiles, electron tubes and 
other assemblies. Instrument di- 
vision overhauls and repairs gyros, 
tachometers, indicators and similar 
airborne gear. Industrial gas burner 
division supplies burner equipment 
for the glass-working industry’s use 
in making electron tubes. 


Plastoid Gets 
Tech Director 


New technical director for Plastoid 
Corp., Hamburg, N. J., is Leon 
Brodsky. He takes charge of design, 
R&D and quality control activities 
for the firm. 

Brodsky was formerly with 
IT&T’s Federal Telephone & Radio 
Co. in Clifton, N. J. From 1949 
until his recent move he was chief 
engineer of Federal’s wire and cable 
component division. 


DuMont Shuffles 
Tube Divisions 


Mayor step toward realigning func- 
tions of the television tube division 
and the industrial tube division at 
Allen B. DuMont Laboratories 
comes with the appointment of two 
engineers to newly created posts. 
The jobs were created to coordinate 
the efforts of the two divisions. 

Robert E. Rutherford Sr. and 
Kenneth F. Hoagland have been 
named staff assistant and director 
of engineering respectively. Their 
new responsibilities include both 
divisions. 

Prior to their new appointments, 
each was an engineering manager of 
one of the divisions, Rutherford 
of industrial tube and Hoagland of 
the tv tube division. 


RFL Expands 


Propucrion assembly operations of 
Radio Frequency Laboratories’ test 
and service products and communi- 
cations products divisions are mov- 
ing into new quarters. New pro- 
duction building provides three 
times the floor space previously oc- 
cupied. Space vacated in the move 
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Stokes Vacuum Gauges are compact elec- 
trical instruments for accurately measuring 
very low absolute pressure. They are avail- 
able for indicating or recording. Three 
models cover the ranges of 100, 1000 and 
,000 a. Measurements are con- 
a i y Pp 
is virtually instantaneous. Stable calibration 
is assured by use of noble metal thermo- 
piles operating at low temperatures. Stokes 
Vacuum Gauges operate on 115 volts, 60 
cycles—are mounted in small, lightweight 
metal cases. 





a eel aioe pena 


—_ makes a complete line 
of vacuum components .. . 
advance-designed and engi- 
neered to help make your vac- 
uum systems more productive. 
Each unit reflects Stokes’ un- 
paralleled experience, pioneering 
leadership and wealth of basic 
vacuum technology. 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
Vacuum Gauges, and Valves. 


Send for technical data on any 
or all . . . without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5560 Tabor Road, Phila. 20, Pa, 
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is now devoted to stockroom and 
matcrials inspection. 

New facilities relieve congestion 
resulting from increased sales activi- 
ties, provide space for future ex- 
pansion. 

Plant space now totals 44,000 
sq ft on a 14-acre site in Boonton, 
N. J. RFL employs 165 people. 


Farnsworth Lab 
Gets New Chief 


Farnswortu Electronics Co. hires 
Donald K. Coles to head up its 
solid state laboratory. 

Coles comes to the IT&T divi- 
sion after fifteen years at Westing- 
house Research Laboratories. While 
at WRL he pioneered in infra- 
red and microwave spectroscopy, 
worked on applying solid-state 
principles to industrial products. 


New V-p for 


Canalco 


Canat Industrial Corp., Bethesda, 
Md., hires Lee D. Cochran away 
from RCA, makes him vice presi- 
dent for research and production. 
Cochran, who specialized in elec- 
tron microscopy at RCA, will direct 
an expansion program for the Mary- 
land instrument maker. 

New instrumentation program 
will explore electron and X-ray 
microscopy and analysis, gas analy- 
sis and processing, freeze-drying and 
other low-temperature processes. 
New equipment to emerge this year 
will have industrial applications in 
research and production, biological 
applications of both a research and 
a clinical nature. 


Auerbach 
Hires Two 


Tecunica. staff of Auerbach Elec- 
tronics, Narberth, Pa., grows with 
the addition of two longtime pro- 
fessional associates of the firm’s 
chief. 

I. L. Auerbach, who left Bur- 


ELECTRONICS engineering edition— January 3, 1958 139 





This miniature et Call lay TUBE 


CAN PRODUCE 900 DOTS IN THIS AREA 



























900 DEFINITE BITS OF 
INFORMATION IN A SPOT 
SIZE OF Y2" x V2" 


A visual itor for readouts, film record- 
ings, indicators and instrumentation. 
El tically fe d and deflected in 
a T6\, bulb with 9-pin miniature tipless 
base. Good light output. Withstands stand- 
ard shock and vibration tests. Available in 
all cial phosphors. 

| da |. ree 150-250v 
BE Wao vce cgrcktcucuscse 600-1000v 
HEATER VOLTAGE (AC or DC)...... 6.3v 











NATIONAL UNION ELECTRIC CORPORATION 
Developers and Manufacturers of Special Purpose Electron Tubes 
BLOOMINGTON, ILLINOIS 
CIRCLE 97 READERS SERVICE CARD 











EXPANSION — EXPANSION — EXPANSION 
SEMI-CONDUCTOR ENGINEERS & PHYSICISTS 


1958 is going to be another big year in our progress and we need you 
to help us grow. At present we rank 6th in the industry and we have the 
technical leadership, youth, drive and desire to rank Ist in this dynamic 
industry. We would like to hear from men with the following backgrounds: 


METALLURGICAL ENGINEERS TRANSISTOR APPLICATION ENGINEERS 
DEVICE DEVELOPMENT PHYSICISTS INSTRUMENTATION ENGINEERS 
SEMI-CONDUCTOR PROCESS ENGINEERS AUTOMATION ENGINEERS 


PHONE OR SEND RESUME IN COMPLETE CONFIDENCE 


CLEVITE TRANSISTOR PRODUCTS 
257 CRESCENT ST. (A suBURB OF Boston) WALTHAM 54, MASS. 



























WAT RMU OCEAN i ig necessary 
supplement to a well rounded 


Business Paper advertising 


R @ Merchandise your program. 
advertising Most progressive companies 
Conduct surveys allocate a portion of their ad 
(jh SZ 












+s 

@ Get inquiries budgets to this second medium 
: and leads for ot the same time as they 
2 your salesmen concentrate on the best busi- 

ele @ Pin-point ness publications. 
i va geographical or 600,000 of the top buying in- 
: functional groups fluences in the fields covered 
@ Sell Direct by the McGraw-Hill publica- 
@ Build up tions make up our 150 mailing 
Hib, weak territories lists. Pick Your prospe.ts out 
Mc GRAW-HILL @ Aid Dealer of our Industrial Direct Mail 

relations catalogue. 


OIRECT MAIL LIST SERVICE 





Write for your free copy. It contains complete information. 
























































































Fits all 7 & 9 pin vac- 
uum tube socket as- 
semblies with bayonet 
type flange. Prevents 
virtually all outside 
magnetic interference 
from entering the 
tube and prevents 
magnetic hum in fields 
25 gauss and less. (If 
your problem involves 
higherintensities,send 
complete details). 


Shields are insensitive to shock. Shielding qualities not af- 
fected when Co-Netic is worked or transported. There is 
negligible residual magnetism. No periodic annealing required. 
Available in sizes %” up to 5” ID in round, square or rectangu- 
lar shapes to your specification. No tool charge on many sizes 
and shapes. Special designs can be made to your drawing. 


Also available for other applications: New 3-layer econom- 
ical rotary drawn Netic Co-Netic magnetic shielding cans. 
New rotary drawn process eliminates substantial tool charges 
formerly necessary making it possible to encase components 
containing moving or stationary permanent magnets without 
distorting their magnetic field or otherwise reducing their 


sensitivity. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue, Chicago 22, Illinois 


Originators of Permanently Effective Fernetic Co-Netic Magnetic Shielding 
CIRCLE 99 READERS SERVICE CARD 





Z & 9 PIN TUBE CO-NETIC 
MAGNETIC SHIELDS 
For Fields Under 25 Gauss 





Now! Fernetic and Co-Netic can be 


furnished tinned, ready for soldering 


ies. 


thout affecting shielding qual 
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ELECTRONIC ENGINEER 
RESEARCH 


The Research Division of Curtiss-Wright Corporation has expanded 
its activities to include the fields of Electronics and Ultrasonics. 
The Research Division, which offers the atmosphere of a small 
organization conducive to research, has new facilities located in the 
picturesque mountain area of Northwestern Pennsylvania approxi- 
mately twenty miles north of Clearfield. Permanent positions are 
available for individuals at all levels, with two or more years of 
experience in electronic circuit design. Although advanced degrees 
are desirable, applicable experience with analytical ability in the 
fields of Ultrasonics, Navigation Devices, Communications, Weap- 
on Systems, Simulators, Computation and Data Handling Systems 


will suffice. 


Excellent salary, Executive Benefits and Family Security Programs. 
Send typewritten resume giving details of education, past experience 
and current earnings to: 


T. W. COZINE 


Mgr. Engineering Recruitment, Dept RD-30 
Curtiss-Wright Corporation, Wood-Ridge, N. J. 


CURTISS-WRIGHT 
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roughs Corp. to start up his own 
company, now adds Paul Winsor 
III and Arnold B. Shafritz to his 
engineer complement. 

Winsor, who will head the sys- 
tems engineering staff, was formerly 
manager of systems analysis depart- 
ment at Burroughs Research Center 
in nearby Paoli, Pa. Before that, 
Auerbach and Winsor knew each 
other’s work at Eckert-Mauchly 
Computer Corp., later to become 
a division of Remington Rand. 

Shafritz assumes responsibility 
for industrial product development 
at Auerbach Electronics. He, too, 
is a graduate of Burroughs Research 
Center, where he supervised the 
logical design and programming 
section. Before that he worked 
with air flight-control and _fire- 
contro] systems at the Naval Air 
Development Center and at Frank- 
ford Arsenal. 


United Control 
Plans Big Plant 


Unitep Control Corp. has cleared 
the site for a $1.5-million plant at 
Bellevue, near Seattle, Wash. The 
plant will have 100,000 sq ft of 
floor space, may ultimately grow to 
350,000 sq ft. Plans now call for 
occupancy of the new site by 1960. 

United now has more than 500 
employees in five plants grouped in 
Seattle’s University district. It 
makes electronic controls for air- 
craft and missiles. 


Allis-Chalmers 


Moves Four 


Inpustries Group of Allis-Chal- 
mers has shuffled four managers in 
its Mid-Atlantic region. 

C. W. Parker Jr., manager of the 
Richmond district since 1955, 
moves up to take over the Phila- 
delphia district. He succeeds A. D. 
Brown, who has been transferred 
to the office staff of the Mid-Atlan- 
tic region. 

J. M. Mathews succeeds Parker 
as manager of the Richmond dis- 
trict. He had managed the Charles- 
ton district since 1948. Baltimore 
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Advantages of 
Air Gap vs. Toroidal 
Construction in 
Pulse Transformers 


As pointed out in previous Pulse Notes, a 
pulse transformer wound on a core with an 
accurately controlled air gap performs more 
satisfactorily in some applications than one 
wound on a toroidal (gapless) core. 











Consider for a moment the two B-H loops in 
Figure 1. The loop shown in solid lines is for 
a toroidal sample of a typical magnetic mate- 
rial used in pulse transformers. The dashed 
loop is for the same material with an air gap 
included in the magnetic circuit. In the case 
of the toroid, removing the pulse magnetiz- 
ing force causes the core flux to return to 
the value Br,*. On the next pulse the total 
flux swing possible is AB,. 


The gapped core, on the other hand, returns 
to Br. which allows the much greater flux 
swing AB. Consideration of the voltage- 
time integral, ET—NAJS dB, indicates that a 
pulse transformer wound on the gapped core 
passes a pulse of greater area without core 
saturation than one wound on the gapless or 
toroidal core. 

*This discussion is valid only for cases in which 


no reverse (resetting) current flows in any of the 
transformer windings. 


For further technical information including 
diagrams, specifications, and schematic 
applications of pulse transformers, write for 
your free copy of our new 12-page catalog. 


Pulse 
Engineering 
inc. 


Neeeerneeee — J L 


2657 Spring Street 


REDWOOD CITY 
CALIFORNIA 
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sales rep Gordon Hood moves 
down to take over the Charleston 
district succeeding Mathews. 


Cubic Corp. 
Buys Digital 


Acguisit1on of Digital Inc., San 
Diego, Calif., manufacturer of 
digital instruments, has been an- 
nounced by Cubic Corp. 

Cubic feels that Digital’s prod- 
ucts will fill out its own line of pro- 
prietary hardware, provide a_ basis 
for further development in instru- 
mentation and automatic control. 

Cubic makes transistorized test 
instruments, calorimetric  watt- 
meters and power measuring gear. 
Some of its test equipment is used 
in USAF missile programs. 

Sam Levy, v-p of Digital, moves 
over to join Cubic’s staff. 


Vacation-Spot 
Firm Expands 


Desert Hot Springs, Calif., chiefly 
renowned as a vacation spot, is 
watching its only manufacturing fa- 
cility double in size. ‘The San Gor- 
cinto plant of Assembly Products 
Inc. is expanding in the desert sun. 

Bradley R. Thompson, board 
chairman of the firm and manager 
of the plant, feels that his plant is 
the forerunner of a small local 
boom in electronics and other light 
industry, similar to the growth of 
industrial centers in Phoenix and 
Tucson and at Log Angeles itself. 
At the moment, the API plant is 
the only electronics manufacturing 
establishment in the desert area 
east of Riverside, Calif. 

Founded by Thompson in Ohio 
in 1945, Assembly Products +eet- 
ered for seven years on the verge of 
bankruptcy. When it began to 
write its books in black, its founder 
looked all over the southwest for 
another place to live and work. 

In late 1955, Thompson built 
the desert plant and started to 
make high-sensitivity meter relays, 
an offshoot of his original work in 
Ohio. 

When the Desert Hot Springs 
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MULTICYCLE 
MODEL 281-B 
VARIABLE FREQUENCY 
SUPPLY 





This unit has been designed for pro- 


duction line testing of equipment 
operating in the 250 cycle to 1000 
cycle range. It is a bench type unit, 
entirely self-contained, operating 
from standard 115 volts, 60 cycle 
power. The model 281-B supply 
consists of a sine wave audio oscilla- 
tor driving a class AB1 beam power 
amplifier, followed by stabilizing 
and voltage control networks. Since 
no grid current is drawn, low distor- 
tion is achieved throughout the en- 
tire power range without resorting 
to expensive components and net- 
works. The power amplifier tubes 
have a plate dissipation rating of 
100 watts, permitting operation into 
practically any load, regardless of 
power factor, within maximum volt- 
ampere rating. Frequency may be 
varied over a wide range by a single 
screwdriver adjustment. 


Frequency Range: 250 cycles to 
1000 cycles, continuously variable. 


Distortion: Less than 5%. 


Voltage Regulation: 3% from no 
load to full load. 


Power Input: 115 volts, 60 cycles, 
full load power 230 W. 


Power Output: 100 VA, 100 W, 
1 PF. 


Price: $275/fob Boston. 


William |. Horlick Co.. Inc. 


i=] st 
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If it’s 
DELIVERY 


you need in 


TEFLON 





eothen you need 
CHERPLAST 


Take rods of “Teflon,” for example .. . Chemplast 
can give you immediate delivery on almost any size 
you specif::. Don’t take chances with uncertain 
delivery ot critical materials. Chemplast also gives 
you top quality, technical service, and a broad 
selection of sizes. 

Here’s what you get from Chemplast: 

@STRESS-RELIEVED RODS .. . no further treatment 
necessary. 

@UNIFORM DENSITY. 

@NO CONTAMINANTS . . . snow-white color. 

@ALL SIZES of rod from ” to 2” .. . to the nearest 
0.001” at no extra cost. Sizes over 2” can be sup- 
plied in molded rod. 

@ANY LENGTH .. . normally supplied in 12-foot 
lengths, but we’ll ship it any length you say. 

@ALL PRODUCTS FOR ELECTRONICS INDUSTRY made 
from virgin “Teflon” ... meet AMS 3651B and 
MIL-C-17B specifications. 

@ IMMEDIATE DELIVERY on all sizes. 

Chemplast also supplies tape, tubes, and sheets 

of “Teflon” . . . and wire coated with ‘‘Teflon.” 

Write today for a prompt quotation. 





3 CENTRAL AVE., EAST NEWARK, NEW JERSEY 


TEFLON is the Du Pont Company's trade-mark 
for its tetrafluoroethylene resins. 
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plant opened, Thompson was lucky 
to find one experienced man, Rich- 
ard Bond, who had worked at As- 
sembly Products in Ohio. Bond 
had previously moved to California 
for the sake of his wife’s health and 
his own. When he heard that 
Thompson was building the Cali- 
fornia plant, he joined up. Now he 
is plant superintendent. 

Between them, Thompson and 
Bond trained local employees— 
mostly green as grass—in the pre- 
cision work. Most of the people 
who came to work and learn didn’t 
know what a meter movement was. 
One young man’s background was 
selling shoes and carpentering in 
Detroit. Another had been an auto 
mechanic. One of the best employ- 
ees Thompson has was once a bar- 
tender in Needles, Calif. 


IT&T Sets Up 
Canada Firm 


In Monrreat, International Tele- 
phone & Telegraph has organized a 
new subsidiary. The firm, Elec- 
tronics Service Co. of Canada Ltd., 
will offer a wide range of services. 
It will operate and maintain 
telecommunication and electronic 
equipment, such as microwave links 
and radar networks. It will also 
engineer such installations and 
evaluate alternative systems. Head 
of the new company is [T&T old- 
timer J. T. Robertson. 

IT&T president Edmond Leavey 
points out that the DEW line— 
maintained by another IT&T sub- 
sidiary—hires 85 percent of its 
staff locally. The new subsidiary 
will give Canadians the chance to 
employ acquired talents profitably 
when their time on the DEW line 
expires. 


Clary Combines 


Two Divisions 


In San Gabriel, Calif., Clary Cor- 
poration consolidates its Aircraft 
and Automatic Controls divisions 
into a single unit called Clary Dy- 
namics. 

Clary v-p Paul J. Meeks will be 


January 3, 





HIGH SPEED 
TESTING... 





© CAPACITORS 
@ RESISTORS 
@ INDUCTANCES 


Manual-Feed — Manual-Sort 


AUTO-BRIDGE 


The newest addition to Industrial Instruments 
Auto-Bridge line of automatic and semi-auto- 
matic test equipment is the Model AB-3X2, 
manual-feed, manual-sort bridge. Fully auto- 
matic hopper or tape-fed equipments have a 
definite place in component testing, but they are 
not the most efficient system whereby a large 
variety of small and medium-size lots of com: 
ponents can be tested. , 





The Model AB-3X2 is manually loaded and un- 
loaded. One of the two colored lights indicates 
whether the component under test is “in’” or 
“out” of preset tolerance. Plug-ins are used to 
set the “high’’ and the “low” limits and the 
standard jig supplied with the equipment ac- 
cepts most wire lead components. There are no 
meters to read...the only interpretation re- 
quired by the operator is to determine which of 
the two colored lights is lit. A true limit bridge 
principle is used. There is no drift in the operat- 
ing point and daily calibrations are not necessary. 


TABLE OF SPECIFICATIONS 
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For complete details on this economical Auto-Bridge) 
as well as our full line of associated equipment,' 


write ..<. 
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general manager of the new divi- 
sion, which will develop and man- 
ufacture aircraft and guided missile 
components. Brian Sparks will be 
assistant general manager. 

The Aircraft division makes pres- 
sure regulators and valves for air- 
craft. Automatic Controls makes 
gyroscopes, servoactuators and other 
control components. 

Clary officials believe that com- 
bined design and production facili- 
ties will permit the firm to increase 
the speed and efficiency of its serv- 
ices to aircraft and electronics in- 
dustries. 


Beckman Hikes 
Sterne 


APPOINTMENT of Karl E. Sterne as 
sales manager of analog computers 
for the Berkeley Division of Beck- 
man Instruments, Inc., is an- 
nounced. 

Formerly a Beckman Berkeley 
applications engineer, Sterne spent 
two years as a development engi- 
neer with the University of Cali- 
fornia’s Radiation Laboratory at 
Berkeley. Earlier, he was eastern 
district manager for the ‘Andrew 
Corp. of Chicago. 


UMAA Elects 
Bagno to Board 


New member of the board of di- 
rectors of the Ultrasonic Manufac- 
turers’ Association of America is 
Samuel M. Bagno. He will serve in 
this capacity for a 3-year term. 

Bagno is chief engineer at the 
Ultrasonic Division of Walter 
Kidde & Co., Inc., Belleville, N. J., 
and has been responsible for many 
of the developmental projects being 
carried on by that division. 


Mallory Gets 
Milli-Switch 


Acguisrrion of plant facilities and 
majority interest of the Milli- 
Switch Corp. of Santa Monica, 






















»see2222 GO you havea 
“special requirement” 
... inRF POWER 





MEASUREMENT? 





@ Forward Power 


@ Reflected Power 


e VSWR 


Average or peak, NORTHEAST 
ELECTRONICS specializes 
in measuring: 


Commercial or MIL, usual or unusual, consider NORTHEAST 
ELECTRONICS as a source for your equipment. 





NORTHEAST ELECTRONICS 


CORPORATION 


BOX 425, CONCORD, NEW HAMPSHIRE @ 


CApitol 5-6641 
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IMMEDIATE DELIVERY 


(Small Quantity) 


Precision Carson 


> 1274930 Bid INI) Hid 





Temperature coefficient character- 
istics for ALPT—1 watt resistor 


STANDARD RESISTORS + 





Depositep Resistors 





Derating curve for ALPT—1 watt 
resistor 


1% TOLERANCE IN 10% RMA 


VALUES FROM 10 OHMS TO 2.7 MEGOHMS 


APST—1/2 WATT, APXT—2 WATT AND APCT—1 WATT 
SALES OFFICES AND DISTRIBUTORS 


Factory Delivery, 
1/10, 1/5, 1/4, 


other than stock values: 
1/2, 1, 2 and 5 Watt 


ALLIES’ PRODUCTS CORPORATION 
P. O. Box 188, Kendall Branch, Miami, Florida 
BROCHURE SUPPLIED UPON REQUEST. 
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¢ to build-into your field-testers 


elite Mel geltin) 


d support equipment 


Exe © ew miniature LOW-LEVEL 
AC-DC VT VOLT-OHMMETER 


Trio’s new general-purpose flexible-design 
Vacuum Tube Volt-Ohmmeter meets MIL specs, 
has greater sensitivity than conventional units, 
maintains 3% AC & DC accuracy over extended 
temperature ranges, has high versatility and 
dependability in small size (8 x 5%”). 
Flexible design enables economical tailoring 
to your special requirements: special scale 
plates, auxiliary go/no-go operation, AC range 
reduced to 10 mv, color and mounting varied, etc. 
Ranges: AC & DC: .03 — 300 V; Ohms: 10 to 10M. 
AC input Z: 1 meg. DC input R: 11 meg. 
Freq. Resp.: 20-5,000 cps. DC zero drift: .5% max on 


1V& 


higher ranges; 1% on .03 V range. 
Power: 115 V, 400 cps. 


Write for free ‘‘how to” Engineering Guide to 


Dept. E-1 


when ordinary instruments are 


too big or inadequate... 
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Trio Laboratories, Inc., Seaford, N. Y. 








trio 















Calif., has been announced by 
P. R. Mallory & Co., Inc., of In- 
dianapolis, makers of electronic 
components and metallurgical prod- 
ucts. 

Milli-Switch will operate under 
its own name as a subsidiary of 
P. R. Mallory. Production equip- 
ment at the California plant will 
be moved in the immediate future. 


M-H Division 
Adds Space 


ENLARGEMENT of production and 
engineering facilities of the Heiland 
Division of Minneapolis-Honeywell 
Regulator Co., Denver, has been 
completed. Firm has added 12,000 
sq ft to its present plant area—a 25 
percent increase—to expand _pro- 
duction of its line of oscillographic 
instruments. 

Addition of the new space is the 
second major physical expansion for 
the firm within two years. It moved 
into its new $l-million one-story 
plant, located on a nine-acre plot 
in Araphoe County on the out- 
skirts of Denver, in December 


1955. 





Biggerstaff 
Joins Calmag 


New assistant chief engineer and 
technical assistant to the president 
of California Magnetic Control 
Corp., North Hollywood, Calif., is 
A. J. Biggerstaff. Formerly with 
Rheem Electronics, he has been 
assigned to the Calmag Division, 
which designs and manufactures 
precision transformers, _ reactors, 
magnetic amplifiers and power sup- 
plies, and handles special magnetic 
engineering projects. 


NARTB Becomes 
NAB Again 


FrrectivE Jan. | the National As- 
sociation of Radio and Television 
Broadcasters reverts to its former 
name, the National Association of 
Broadcasters. 

The business association of the 
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broadcasting industry was organized 
in 1922 as the NAB. Name lasted 
until 1951 when it was changed to 
NARTB, following a merger with 
Television Broadcasters Association. 

Membership of the organization 
currently is composed of 1,727 
radio stations, 319 tv stations, the 
four national radio networks, and 
the three national tv networks. Be- 
sides there are 117 associate mem- 
bers from allied fields. 


New Mexico 
Firms Merge 


Urrrapyne, INc., of Albuquerque, 
N. M., has bought the products and 
physical assets of Quantum Elec- 
tronics, Inc., of the same city. This 
purchase permits the addition of 
d-c to d-c power supplies, junction 
transistor analyzers, power tran- 
sistor analyzers and constant cur- 
rent power supplies to Ultradyne’s 
present line. The firm has special- 
ized in the design, development 
and manufacture of electromechani- 
cal instruments for missiles, aircraft 
and commercial uses. 

Quantum will operate as a divi- 
sion of Ultradyne. To be known 
as Quantum Electronics, A Divi- 
sion of Ultradyne, Inc., it will be 
headed by T. E. Lommasson, presi- 
dent and treasurer before the 
merger. It will continue to special- 
ize in transistor and solid state cir- 
cuit design. 


Cohu Boosts 
Research 


NEWLy announced research divi- 
sion of Cohu Electronics, Inc., will 
have headquarters in San Diego and 
laboratories in Van Nuys, Calif., 
at 14743 Lull St. 

The company has brought to- 
gether a team of scientists headed 
by Martin L. Klein to do some very 
specific research and development 
in the fields of electronic instru- 
mentation and process control. 
Much of the research will be de- 
voted to bringing the know-how of 
military, missile and aircraft pro- 
grams to the industrial production 
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Experience and know-how behind 
each molded part 





Even more important — to you — is its cost and quality. 
Our extensive 20-year background in the molding of 
plastics of all types assures you low-cost, high-speed 
production (with no loss of quality!) regardless of the 
size or quantity of your plastic needs. Your inquiries 
or problems will receive our prompt attention. 


STANDARD PLASTICS CO., INC. 


62 WATER ST. ATTLEBORO, MASS. N. Y. OFFICE: 303 FIFTH AVENUE 
Tel. AT. 1-1940 ° Tel. MU. 9-1919 


custom 
molders of 
the unusual 
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Teer send for the 
D RADIO 
Shenor y most widely used 
ALLIED’S 
COMPLETE 404-PAGE 
your best buying guide to 
the world’s largest stocks of 
ELECTRONIC SUPPLIES FOR INDUSTRY 
POR SRST CENVEET ae « Receiving Tubes e Test Instruments + AN Connectors 
THE CHICAGO AREA « Power & Gas Tubes + Meters & Supplies + Metal Chassis Bases 
CALL Diodes & Transistors + Relays & Switches » KNIGHT P.A. Equipt. 
Simplify and speed your purchasing of electronic 
HAymarket supplies and equipment at ALLIED. We make fast, 
expert shipment from the world’s largest stocks of 
1-6800 everything in Electronics. We save you time, effort and 
money. Manufacturers’ prices available on quantity 
discounts. Send today for your FREE 1958 ALLIED 
Use cer speedy Catalog—the complete Buying Guide to Electronic 
“Will Call” or supplies for Industrial and Communications use. : 
Deliv Service 
tei ALLIED RADIO 











our 37th year 100 N. Western Ave., Dept. 11-As 


Chicago 80, Illinois Send for 
1 FREE 
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CHOPPERS 


Twenty-two types, 
both single and 
double pole. 


j Long life. 
Low noise level. 
Extreme reliability. 
Write for Catalog. 
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STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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another 
wonderful 






for designers 


GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED "FQ! ==. 
PIECES, WIRES, even CONTINUO tt 
ELEMENTS, RIGHT IN THE 

MOLDING OR CASTING CYCLE Mh 88 


the nen eee 

. ; - ‘ acket is molde 

Fast - + + economical, GRC’s exclusive automatic machines automatically and 
insert elements in zinc alloy die castings . . . in thermo- SeemOeeeY - « - 


For this 1BM Brush 
Assembly, the core is 
die cast automatical- 

ly and continuously 
onto 6 strands of 
music wire 3 on 

each side. 


. 3 m ‘ are right onto the die 
» Plastic moldings, assure uniformity, eliminates assembly cast core and 
- make possible entirely new designs . . . cut labor wire inserts. 
and costs. 





WRITE FOR BULLETINS, SEND PRINTS FOR QUOTATION 


No size is too small! Maximums: Zinc Alloy 11/2’, VY oz. 
Plastic 114’, .03 oz. 


GRIES REPRODUCER CORP. 


ia. 
World's Foremost Producer of Small Die Castings 
151 Beechwood Ave., New Rochelle, N. Y. @ NEw Rochelle 3-8600 Fs) [Z 
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level to provide industry with new 
practical components for electronic 
progress. 

Emphasis will be placed particu- 
larly on the development of digital 
instrumentation from a new ap- 
proach through the design of build- 
ing block devices which can be used 
together to provide complete in- 
strumentation systems for measur- 
ing stress, strain, temperature, pres- 
sure and other physical phenomena. 

New instruments to be de- 
veloped in the research division will 
complement the present instrument 
production of the Kin Tel Division 
of Cohu Electronics in San Diego. 


Executive Moves 


TECHNICAL products division of 
Waste King Corp. gets a new chief 
electronics engineer as Sam Gilman 
moves in from Consolidated Elec- 
trodvnamics Corp. 


Electrical Communications Inc. 
moves C, Edward DePuy in as chief 
applications engineer. 


Alvaro D. Biagi moves into the job 
of executive engineer for IT&T’s 
Federal Telecommunications Lab. 


Jerome E. Vielehr moves from 
Westinghouse to become sales en- 
gineer for Magnetic Inc.’s control 
division. 


F. O. Robison becomes v-p of Tex- 
tron’s California technical indus- 
tries division. He also continues as 
the division’s works manager. 


Plant Briefs 


ConsOLipaTING its operations, Rec- 
ony Corp. moves its administrative 
ofices from New York to Rich- 
mond, Va., puts them in the same 
place as its production plant. 


Abilities Inc., a firm employing 
physically handicapped people in 
production of electronic gear on 
subcontract, opens a new plant in 
Albertson, N. Y. 

In Hollister, Calif., Holex Inc. 
opens shop on a 28-acre site to de- 
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finest 
quality 


SLIP RING 
ASSEMBLIES 


made by EVERY 
known process... 


100-Ring Missile Guidance Slip Ring 
Low Torque, Low Noise 









UNITIZED ONE-PIECE CONSTRUCTION 

45 
| 
Only Slip Ring Co. of America pro- 
duces precision slip ring assemblies 
by every known process to meet your 
particular requirements — Transfer, 


Injection and Compression Molded, 
Cast, Fabricated, Vacuum Impreg- 


nated, Electro Deposited, Metal 
Sprayed, Printed Circuit, Mercury Pool. Sizes, .020” 


to 72” Dia. Circuits, 2 to 200 rings. Finishes, 


2 


micro inch RMS. Temperature, 650°F continuous. Vi- 
bration, 300 G's. Hi-pot,up to 15,000 volts. Longer 
life through wider material selection. Dielectrically 
superior insulating materials. Minimum noise with 


precious metals. Engineering consultation available. 


SLIP RINGS — BRUSH ASSEMBLIES — 
COMMUTATORS — SEALED ASSEMBLIES 


+ Write for Literature 


SLIP RING CO. 


OF AMERICA 


3612 West Jefferson Blvd. 

Dept. E-1-3, Los Angeles 16, California 

Representative sales engineers in major cities 
throughout the United States and Canada. 
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DISPLAY ADVERTISING 
© Arouses Interest 
DIRECT MAIL 

© Gets Personal Attention 


© Creates Preference 


© Triggers Action 


After your prospect has been convinced by 
Display Advertising, he still must act. A 
personalized mailing piece, is a power- 
ful action-getter. Send for our Industrial 
Direct Mail Catalogue, 150 lists available. 








fa me 
Mc GRAW-HILL 


DIRECT MAIL LIST SERVICE 








Direct Mail Division, 
McGraw-Hill Publishing Co.. Inc. 
330 West 42 St., N. Y. 36, N. Y. 
Please forward my free copy of the McGraw- 
Hill *‘Industrial Direct Mail Catologve.** 


Nome 





























Address 
\ City. Stote. j 
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sign and manufacture packaged ex- 
plosive power devices and related 
electronic equipment. 


Bell Electronics Co. moves _ its 
printed-circuit assembly facilities 
into new quarters in Valley Forge, 
Pa. 


Neal Feay Co., Santa Barbara, 
Calif. maker of electronic hardware, 
plans to build a new 10,000-sq ft 
plant early this year. 


Clifton Precision Products, Clifton 
Heights, Pa., will build a branch 
plant in Colorado Springs, Colo., 
emploving 500 people. 


New firm in New England: Hy- 
perion Inc., West Newton, Mass.; 
company will make power supplies 
and power converters. 


News of Reps 


Retay manufacturer, Filtors. Inc., 
adds to its list of reps Robert T. 
Dean. Located in Ithaca, N. Y., he 
will cover New York State, exclud- 
ing Orange, Putnam, Westchester, 
Rockland and Dutchess Counties, 
New York City and Long Island. 


Sealectro Corp. merchandises its 
Press-Fit terminals in Canada 
through Ottawa rep, M. J. Howard 
& Co. 


California electronic equipment 
housing maker, Zero Mfg. Co., 
appoints Anderson & Associates 
sales reps for Minnesota, Western 
Wisconsin, North Dakota and 
South Dakota. 


Costello & Co., Los Angeles, get 
the nod as West Coast rep for the 
infrared products of Barnes Engi- 
neering Co., Stamford, Conn. 


Electro-Span sales in Texas, Arkan- 
sas and Louisiana, for Pacific Di- 
vision of Bendix Aviation Corp., 
are now handled by William E. 
Brice Co., of Houston, Texas. 


New Canadian rep for instruments 
and components of Control Elec- 
tronics Co. is Montreal rep firm 
Electrodesign. 
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ctronic applications 













Wy 
My 
Wy 


Now you can apply the 
unique properties of alu- 
mina ceramics to special 
electronic projects: 





e Low dielectric losses at all mi- 
crowave frequencies. 


e Extremely high mechanical 
Strength in conjunction with 
thermal stability and chemical 
inertness. 


e Can be metallized and hermeti- 
cally sealed to various metals by 
high temperature brazing. 


Frenchtown alumina cer- 
amics are produced in a 
variety of sizes and 
geometries, either in pro- 
totype or production 
quantities. Dense shapes 
of over 200 cubic inches 
have been manufactured. 

To engineers and scien- 
tists who wish to learn 
more about the capabili- 
ties and limitations of 
alumina ceramics, French- 
town welcomes the op- 
portunity to assist in the 
selection and proper utili- 
zation of these amazing 
materials. This assistance 
is directed toward obtain- 
ing optimum performance, 
simplifying complexity, 
reducing cost and expedit- 
ing delivery. 

Technical literature 
will be sent upon request. 


My NY 
Mages 
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renchtown 


PORCELAIN COMPANY 
FRENCHTOWN NEW JERSEY 
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ND PUSH ON SUB-MIN CONEETOS 
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New Books 





Synthesis of 
Passive Networks 


By Ernst A. GuILLEMIN 
John Wiley and Sons, New York, 
1957, 741 p. $15.00. 


Durinc the past decade, the need 
for a book in the English language, 
which gives a fairly complete treat- 
ment of the realizability and syn- 
thesis procedures for passive elec- 
tric networks, has become quite 
evident if not acute. In response to 
this demand, several books are 
being published in this field all 
within the current year. This book 
by Prof. E. A. Guillemin, a well 


| known authority in this field, is a 


thorough treatment of this subject 
and represents but one volume of 
a set of books by the same author 
which will cover the entire field of 
network theory. 


> Synthesis Procedures—The book 
presents both the classical synthe- 
sis procedures for driving point and 
transfer functions and also many 
results of quite recent origin. In 
fact, several methods are included 
which have not had wide publica- 
tion. 

The realizability conditions of 
driving point and transfer imped- 
ances are considered first in the 
text. Next, the synthesis procedures 
for driving point impedances in- 
volving elements of only two kinds 
(LC, RL, and RC) are discussed. 
The treatment continues with a dis- 
cussion of the properties of two- 
terminal pair networks and then 
returns to the problem of synthe- 
sizing driving point impedances 
but, in this case, for general RLC 
networks. This discussion includes 
some fairly recent methods, notably 
Miyata’s, for eliminating the ideal 
transformers which are required in 
Brune’s procedure. 


> Transfer Functions — Professor 
Guillemin turns his attention next 
to the methods of realizing transfer 
functions and here again both clas- 
sical and some quite recent pro- 
cedures are presented. The last two 
chapters deal with the approxima- 
tion problem, one involving the fre- 
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CHRISTIE 


SILICON 


POWER 
ASCE = RECTIFIERS 


Available in Industrial 





For 
Missile 













and Military types. Mili- 
30 to 300 Amps 





tary type meets specs 
MIL-E-4970 and MIL-I- 
6181. 
and mobile styles avail- 


able up to 1500 Amps. 















Other stationary 





























Write for 
Bulletin 
AC-58-A 


CHRISTIE ELECTRIC CORP. 
Dept. EL, 3410 W. 67th St., Los Angeles 43 


Over a Quarter Century of Rectifier Manufacturing 
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NEW TECHNICAL 


TRAINING 
SERVICES 


Y 
( PHILCO. \ 





TECHNOLOGICAL 
CENTER 






To help upgrade technical manpower, 
proven correspondence courses, techni- 
cal books and training devices are now 
available. Among these services, are: 





CORRESPONDENCE COURSE ON 
TRANSISTORS — Most com- 
plete, authoritative course ever 
offered. Covers from theory 
thru all important applications. 


CORRESPONDENCE COURSE ON 
gs RADAR— Practical and up-to- 











date, this comprehensive course 
covers Radar from theory thru 
important applications. 











For additional information and 
free booklet on facilities, write to: 


PHILCO TECHNOLOGICAL CENTER 
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TECHREP DIVISION, TC-9 
22nd and Lehigh Ave., Philadelphia 32, Pa. 
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quency domain and the other deal- 
ing with the time domain. 

This book fulfills a very definite 
need at the present time. It is de- 
tailed in its treatment and has a 
clear exposition. One criticism may 
be made, however. The methods 
presented emphasize those proced- 
ures in whose development Profes- 
sor Guillemin has been personally 
involved. However, the coverage is 
still quite complete and _ presents 
much useful information for the 
network synthesist. — ARMEN H. 
ZEMANIAN, Assoc. Prof. of Elec- 
trical Engineering, New York Uni- 
versity, New York, N. Y. 


Solid State Physi- 


cal Electronics 


By ALDERT VAN DER ZIEL 
Prentice Hall, Englewood Cliffs, N. J., 
1957, 593 p, $9.75. 
IN presenting a comprehensive in- 
troduction to the physics of solid 
state devices and their application, 
Mr. van der Ziel has given an ex- 
cellent text suitable to the student 
and engineer as a guide to under- 
standing the basic physics that gov- 
ern the properties of the solid. 
“Solid State Physical Elec- 
tronics” covers the broad field of 
control and utilization of the elec- 
tric, magnetic and photic character- 
istics of solids. The book presents 
a complete treatment of one of the 
fastest growing branches of elec- 
trical engineering. 


> Context—The four revasee sections 
of the book, divided into 23 chap- 
ters, cover physical principles, elec- 
tron emission devices, semiconduc- 
tor devices and dielectric and 
magnetic devices. The first five in- 
troductory chapters present the 
basic concepts of atomic physics, 
Statistics, the structure of solids and 
the theory of semiconductors. The 
author has highlighted here a good 
portion of the fundamentals of 
solid state theory. 

The following six chapters, de- 
voted to electron emission devices, 


consider the theory of thermonic 


emission, practical cathodes, vac- 
uum tube problems, photoemission 
































WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 


SPOT DELIVERIES FOR U.S. 


BILLED IN DOLLARS — 
SETTLEMENT BY YOUR CHECK 


AADIG CABLE OR AIRMAIL TODAY 





TRANSRADIO LTD. 1384 Cromwell Rd. London SW7 ENGLAND  casces: reawseao, conoow 
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STERLING 2K SERIES 


© APPLICATION BULLETIN WITH EACH UNIT 


$? 
gamPles "eogciAlS gat RUN 


The 2K series is only one of the many types we 
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TRANSFORMERS 






ELECTRONICALLY REGULATED POWER SUPPLIES 


Avoid delay in making your breadboards, 
no waiting for a special when a 








Technical specifications on a 
typical unit of this family of 
transformers for use in a 300 
volt 200 milliampere dc regu- 
lated power supply with 90 te 





130 V AC input: 
transformer will meet your requirements exactly. 
Stock STERLING 2K units are available for suppli $T2010 
from 100 milliamperes at 100 volts Primary: 
to 400 milliamperes at 300 voits 115 Volts AC, $0 te 1000 eps 
Each 2K transformer provides: Secondaries: 
© PLATE VOLTAGE ALLOWANCE FOR PASS TUBE..........0.0s0scese00 570-0-570V 240 made* 
VOLTAGE DROP 
@ RECTIFIER FILAMENT POWER.............ccececeeee eeeececeee eee 5.0V 3A 
CR Pe Ce haces cccccccccccaceceneaceecae aces 6.3V 3 A 
© REGULATOR CIRCUIT ys el oo? to eeccccccccccecceseceevcese 6.3V 1.2A 
© AUXILIARY FILAMENT POWER FOR.............ccccccecccsoccess eee 6.3vCT GA 
OTHER CIRCUIT REQUIREMENTS 
@ REGULATOR CIRCUIT PLATE POWER...........ccccceceeees eeccceee *Note 40 ma provided 


Size: 5Ve x 4% x 542 4 
Military versions of each of these units is also avail- mite. Centers: 342 x 342 
able. Technical data on the complete line is available Weight 15 Ibs. 


on request. Associated Choke: ST2009 
4 Henries at 240 made. 







JIENLIINU 
T 
Cc 









make, We specialize in custom-built transformers RANSFORMER 

fo your specifications. Let our engineering staff 

help solve all your transformer problems. ORPORATION 
Samples delivered in 1 to 3 weeks. 299 North 7th St., Brooklyn 11, N. Y, 


STagg 2-4200 
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PRECISION 
DEFLECTION 


COSSOR YOKES 


ADVANCED ELECTRICAL DESIGN 
PRECISION MECHANICAL DESIGN 
_ ACCURATE PRODUCTION METHODS 


e “Gustom Built to the most 
Exacting Specifications 

by Cossor Engineers 

Cores for Optimum Geometry 


— Cores for Speed and Sensitivity 
© $s Mon-magnetic Cores for Perfection of Response 


Cossor’s Three Core Types can be 
single or double axis with single or 
windings, and encapsulated for 
ring (rotating) use. 


@haracteristics of yokes for 1-1/2 in. 


acy - the spot position will con- 
form to the yoke current 
co-ordinates within 0.25% 
of tube diameter. For de- 
flection angles less than 
+ 25° better accuracy can 
easily be achieved. 


0.5% max. without over- 


g: 
0.1% or less with controlled 
overswing. 


tion in epoxy (stycast) or 
@andard for all Cossor deflection 
With special moulding tools 
ent of the yoke axis. When 
ed, , solid silver rings are mounted 
an. ¢ finished slip ring yoke 
bore, and can include 
fa 4with dimensional toler- 
— with high quality 





lctance in Henries 


ce - millihenries 


tor Voltage - kV 


COSSOR 


07 V7.0 BY - Game £7 018 & 25 B) 


301 Windsor St., Halifax, N. S. 
8230 May rand St., Montreal, Que 
648A Yonge St., Toronto, Ont 


Corporation House, 160 Laurier West, Ottawa, Ont. 
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and secondary emission, as well as 
device applications. 

Semiconductors, the concern of 
the next eight chapters, review the 
physics and uses of metal semi- 
conductor contacts, p-n junctions, 
transistors, photosemiconductor, 
luminescence and light amplifica- 
tion. The last four chapters, deal- 
ing with the dielectric and mag- 
netic properties of solids, cover the 
dielectric, piezoelectric, and ferro- 
electric devices. 

At the end of each chapter are 
listed additional references, as well 
as a large number of elementary 
problems. The problems are well 
chosen to give the student or be- 
ginner a feel for orders of magni- 
tude of devices and characteristics 
available in the field today. 


> Background Needed—The te- 
viewer feels that the text is aimed 
at the level of the engineering stu- 
dent who has completed his under- 
graduate physics and mathematics 
and is ready for introductory solid 
state physical electronics. In this 
respect, the book meets the need 
for an elementary treatment of the 
basic ideas in solid state physics. 

As a text, this book will be use- 
ful for courses introducing the sub- 
ject of solid state devices. Engi- 
neers in the field will find “Solid 
State Physical Electronics” a valu- 
able compilation of the role of 
solid state in electronics, as well as 
a reference for the physics involved. 
—F. Bronsrein, Universal Tran- 
sistor Products Corp., Westbury, 
Endy Te 


Thumbnail Reviews 





Handbook of Linear Transducers. 
Automatic Timing & Controls, 
Inc., King of Prussia, Pa., 1957, 
32 p, $2.00. Theory, characteris- 
tics and application of differential 
transformers for design engineers. 


Engineering Properties and Appli- 
cations of Plastics. By Gilbert F. 
Kinney, John Wiley & Sons, Inc., 
New York, 1957, 278 p, $6.75. 
Background information for utiliza- 
tion or specification on fabricating 
methods and properties of plastics. 
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LIBRASCOPE X-Y PLOTTERS 
offer the highest accuracy in 
rapid graphic presentation for 
data handling. In ever expand- 
ing areas of application —in 
scientific laboratories, indus 
trial, engineering and business 
offices—wherever automatic 
plotting is important. 


Model 200-A 
Potentiometer Transducer type 





NEW LIBRASCOPE 


X-Y PLOTTERS 


Model 200-B 
for DC signal inputs 





Optional accessory input chas- 
sis provide for changing from 
one type of input to the other. 
A complete line of accessories 
— keyboards, binary, punched 
card and punched tape con- 
verters—make the new series of 
Librascope X-Y Plotters ideal for 
any point plotting or curve trac- 
ing assignment. 


ACCURACY: Static-.1% 
Dynamic-.5% at 5”/sec. 
RESPONSE: 1 second full scale 
PLOTTING AREA: 10”x 15” 
Absolutely drift free—High input impedance 
Reliable new ink feed system. 


Send for new 
8 page brochure. 


) 
IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


.808 WESTERN AVENUE © GLENMALE, CALIFORNIA 
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CABLE 
CLIPS 


+ 
of all Uglou 


for severe conditions 


* 
of Ethyl 
Cellulose 


for maximum 


economy 


molded 
Slack Uylou 


SCREWS 
and NUTS 


Acid resistant 
* 
Need no insulation 
* 


Can’t rust 


* 


Can't corrode 


WECKESSER COMPANY 


5701 Northwest Highway e¢ Chicago 30, Ill. 
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"SILVER PAINT 


AND 


SILVER PASTE 


Take the “bugs” out of the application of con- 
ductive silver coatings. Use Drakenfeld silver 
paint and silver paste tailored to meet your 
needs. We formulate special compositions for 
glass and ceramic bodies and other materials. 
Let us know your specific requirements. Sam- 
ples will be supplied to fit them. Your inquiry 
will receive prompt attention. 


B. F. DRAKENFELD & CO., INC. 


Box 519, Washington, Pennsylvania 








YOUR PARTNER IN SOLVING CONDUCTIVE COATING PROBLEMS 
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MEASUREMENTS’ 


Standard 


SIGNAL GENERATOR © 


75Kc to 30Mc 





MODEL 65-B 


Provides test signals for measure- 
ment of sensitivity, selectivity, over- 
load, distortion, noise and stage gain 
characteristics. Meets most exacting 
requirements for laboratory use and 
production testing. 


WRITE FOR BULLETIN 





MEASUREMENTS 
A McGraw-Edison Division 
(=~ Sekes, Beek, Pan. i a). ween 2 oe ef 
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A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet.”’ 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 


Radio - Electronics 
Research Development & Manufacturing 
Communications, FM & TV 
Robbins Lane, Hicksville, N. Y. 
WElis 1-3191 


MEASUREMENTS CORPORATION 
Research & Manufacturing Engineers 


Harry W. Houck 
Specialist in the Design and 
Development of Electronic Test Instruments 
Boonton, New Jersey 








DUNLAP ELECTRONICS, INC. 
MANUFACTURING FACILITIES 
RESEARCH & DEVELOPMENT 

Specializing in Printed & Etched Circuits 
Transistors—Pulse Techniques—Environmental 
Test Facilities 
3 Day Service on Printed Circuit Samples 
764 Ninth Street Des Moines, Iowa 
AT 8-0801 


Eugene Mittelmann, E. E., Ph. D. 
Consulting Engineer, Physicist 
INDUSTRIAL _ ELECTRONICS 
RESEARCH DEVELOPMENT 
Mathematical ——e. Instrumentation & Control 

igh Frequency Heating 
549 W. enamanie Blvd., Chicago 6, Illinois 
Phone: STate 2-3171 








ELECTRONIC RESEARCH 
ASSOCIATES, INC. 


““TRANSISTORIZE”” YOUR PRODUCT! 
Complete Service in consulting, research, develop- 
ment and production on Transistor circuitry, 
products and instrumentation. 
“7 Factory Place Cedar Groove, N. J. 
CEnter 9-3000 


ALBERT PREISMAN 
Consulting Engineer 
Television, Pulse Techniques, Video 
Amplifiers, Patent technical consultation. 
616 St. Andrews Lane, Silver Spring, Maryland 








ERCO RADIO 
LABORATORIES, INC. 
Radio Communications Equipment 
eases ~ - Design - Development - Production 


r 27th Year in Air to Ground 
Communication and Radio Beacons 


Garden City @ Long Island @ New York 


TELECHROME MFG. CORP. 


Electronic Design Specialists 
COLOR TELEVISION EQUIPMENT 
Flying Spot Scanners, Color Synthesizers, Keyers, 
Monitors, Oscilloscopes and Related Apparatus 
Telemetering for Guided Missiles. 
J. R. Popkin-Clurman, Pres, & Dir. of Eng. 
28 Ranick Dr. Amityville, L. L, N. Y. 








McCann Engineering Company 
Consulting Mechanical Engineer 


Design and Development of Test Equipment 
tor Synchros, Potentiometers, Gyros, Etc. 
Redesign of Products—Trouble Shooting 

Production—Automatic Machinery. 

Special Machines with Sequence, Form 
Recognition, Dimension Decision and 
Special Environment Features. 

9210 So. Vermont Los Angeles 44, Calif. 








YARDNEY LABORATORIES 
Research-Design-Development 
Electro-Chemical Generators of Energy 


40-18 Leonard Street 
New York 13, N. Y. 


WoOrth 6-3100 











CONTACTS 


FOR THE FIELD OF ELECTRONICS 














VHF CONVERTER 


Monitor the earth satellites! 


Frequency coverage continuous 18-150 
Mc. Crystals supplied for crystal con- 
trol on 20.005, 40.002, and 108 Mc. 
6BQ7 RF, 6J6 Mixer-Osc., 6AK5 IF. 7.4 
Mc output. Self-contained regulated 
power supply. Requires 110-120 VAC 
@ 60 CPS. Price $80.00 postpaid. 


Dynamic Systems Analysis 


5644 Lake Murray Bivd., La Mesa, 
California. 








SIMPSON, WESTINGHOUSE AND OTHER 


antl t mT ER. 


AC-DC 


ln in Standard and Custom 
Ranges 
Any Size, with Special Scales 
Any Quantity from Large Stock 


QUALITY ELECTRIC CO. 


3700 S. BROADWAY LOS ANGELES 7, CALIF 
ADams 2-4201 








ELECTRONICS is the magazine that locates the key buyers in the industry that 
are spending 6.9 billion dollars (at factory) in 1957 on electronic components 


and equipment. 


ELECTRONICS readers during 1958 will number 52,000 important management 
people who make, use and buy electronic equipment. 
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COMMENT 
Miniaturization 

Congratulations for the special 
report (““Miniaturization of Elec- 
tronic Equipment,” Oct. 1, p 177). 
This is timely and informative. 

It is disappointing, however, to 
find no discussion of costs, aside 
from the reference in the abstract 
that “costs generally go up.” As a 
matter of fact, this is an under- 
statement—the costs are sometimes 
near astronomical! 

R. W. JoHnson 
INTERSTATE ELECTRONICS Corp. 
ANAHEIM, CALIF. 


... L just want to call your atten- 
tion to something that we find 
fairly annoying. In the report on 
miniaturization you devote a whole 
paragraph (p 192) to a description 
of our M series pulse transformers. 
However, you refer to us as Tech- 
nical Engineering Co. 

T. Kite SHARPLEsS 
TECHNITROL ENGINEERING Co. 
PHILADELPHIA, Pa. 


. The type GM resistor men- 
tioned on pages 190 and 204 was 
developed and manufactured by the 
Globar division of the Carborun- 
dum Company rather than by 
Workman Tv Inc. 

JoserH S. Demaro 
THe CARBORUNDUM COMPANY 
NracarA FAtts, N. Y. 


Changed Name 


We would like to call your at- 
tention to page 193 of our October 
1 issue, where you have a photo of 
our unit in a teaspoon. The cap- 
tion under the photo reads Auto- 
netics instead of Autotronics. 

FRAN Haynes 
Avutorronics INc. 
FLorissaNnt, Mo. 


For Sale 


I would greatly appreciate know- 
ing if anyone would be interested 
in buying any or all issues of FLEc- 
TRONIcS from 1948 to the present 
at fifty cents a copy. I do not have 
storage space for these books and 
it is necessary that some disposi- 
tion be made of them. 

B. E. ScHNITZER 
JENKINTOWN GARDENS 
JENKINTOWN, Pa. 
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